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NATURE OF LIGHT 

1. Because the eyes use light so unconsciously few people 
ever pause to consider its nature or how it is produced, though 
it is a matter of common experience that substances heated to 
a high temperature give off light. It is generally accepted that 
these light sources are Sending out waves similar to the waves 
from radio stations except that light waves are shorter. Light 
waves range from 40 to 76 millionths of a centimeter, whereas 
radio waves are more than 100 million times as long, from 
5 to 25,000 meters. Light waves are only a small portion of the 
waves radiated by any hot substance, but the eye, like a radio 
receiver, is tuned for only a narrow range and detects only the 
waves which fall within the range of .000040 to .000076 centi- 
meters in length. When these waves enter the eye, vision takes 
place. Shorter waves called ultra-violet waves and longer ones 
called infra-red are invisible 'as far as the human eye is con- 
cerned. 

If you were to heat a stove poker in a furnace it would send 
out first only infra-red waves or heat radiation, then as it became 
hotter it would begin to glow a dull red, showing it was starting 
to send out the longer light waves. If the poker is heated still 
more, it sends out shorter and shorter waves until, when white- 
hot, it is radiating nearly all the waves within the range that 
the eye detects. Each group of wavelengths throughout the 
range corresponds to a certain color in the spectrum — red, 
orange, yellow, lilue, green, violet, all of which when mixed 
together form white light. 

COPYRIGHTED BY INTERNATIONAL TEXTBOOK COMPANY. ALL RIGHTS RESERVED 
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Certain substances when heated do not send out waves 
throughout the entire range l)ut only a few narrow Ijands in this 
range. For this reason some of the electric illuminants such as 
the mercury-vapor lamps, emit light of a peculiar yellowish-green 
color. Thus, it is important, in a study of electric lamps, to 
know something of the production of light in order to understand 
why certain light sources are needed or adapted for special 
purposes. 

TYPES OF ELECTRIC ILLUMINANTS 
GENERAL DATA 

2. There are three general types of electric illuminants; 
incandescent lamps, arc lamps, gaseous conductor tubes. All 
operate on the principle of using electric current to heat the light- 
giving element to such a temperature that it sends out light 
waves. In the first case, a flow of current heats a metal filament ; 
in the second, an arc between terminals heats the air gap and 
the electrodes to a high temperature ; in the third type, the flow 
of current through the gaseous vapor raises the temperature of 
the gas until it becomes luminous. Because of the simplicity 
and adaptability of the modern incandescent himp it is the type 
now generally employed for practically every lighting purpose. 
There are certain applications, however, where the other types, 
because of their characteristics, are especially well adapted. 

INCANDESCENT LAMPS 

CONSTRUCTION AND CHARACTERISTICS OF VACUUM AND 
GAS-FILLED LAMPS 

3. General Discussion.— The incandescent lani]), known 
commercially as the Mazda lamp, emits light i)y virtue of the 
fact that it contains a filament which is heated to incandescence 
by electric current passing .through it. This filament is placed 
inside a bulb from which every particle of air has been exhausted, 
otherwise the filament would burn out almost instantly. As any 
lamp is burned, however, the filament slowly evaporates and 
becomes thinner and thinner until finally it burns out. A lamp 
is simple in principle but every development in the long line of 



ELECTRIC ILLUMINANTS 



3 



improvements has taxed the brains of the best scientists of the 
age. Although it is only a wire in a glass bottle, the filament is 
called upon to operate at a temperature at which even fire brick 
or asbestos would melt like wax. 

The parts of an incandescent lamp are shown in Fig. 1. The 
glass bulb is indicated at a, the base at b, the filament at c, the 
filament sup]jort made of tungsten or molybdenum, at d, the 
lead-in wires of sections of nickel 

a 

and copper wire at c. They are 
joined at the seal / with a special 
nickel-iron alloy. The button rod 
of glass is shown at g, the but- 
ton at /;, and the stem assembly 
of glass at There are a large 
number of types of incandescent 
lamps, and two rather unusual 
types are shown in Fig. 2. A 
6,000 lumen, 6.6 ampere, street 
series lamp is indicated in Fig. 2 
(a), and a 10,000-watt, airport 
floodlighting lamp in Fig. 2 (b). 

4. Life of Lamps. — The life 
of a lamp de]>ends on the tem- 
perature at which the filament is 
operated, which in turn is gov- 
erned by the voltage applied to the 
lamp. The higher the filament 
teni])erature, the more light the 
lamp will produce, but the rate of 
evaporation of the filament is also 
increased; therefore, the lamp 
will fail earlier than if operated at a lower temperature. While 
it is possible to operate a lamp at any temperature up to the 
melting point of the filament, the actual design of a lamp 
for any particular service is governed by a proper balance 
of efficiency and life. Most lamps are at present designed for 
1,000 hours' life. 
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5. Efficiency of Lamps— Light output of lamps is mea- 
sured in lumens. A lumen is the unit of light flux quantity. 
One lumen will light a surface of one square foot to an average 
intensity of one foot-candle. A foot-candle represents the illu- 
mination of a surface at a distance of one foot from a standard 




(a) (b) 



Fig. 2 

candle. The number of lumens required to light a given surface 
is proportional to the desired illumination in foot-candles and 
to the area in square feet. 

Lamp manufacturers rate all lamps according to their lumen 
output, although it is common practice to designate the various 
sizes of lamps by referring to the wattage ; that is, the energy 
which each consumes. The efficiency of a lam]) is expressed in 
lumens per watt. The actual efficiency at which a lamp can 
operate for a given life depends on its size, construction, and 
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voltage, and the service for which it is designed. Table I shows 
the lumen output and efficiency of a number of lamps of various 
wattage sizes, and gives the approximate filament temperature 
at which these lamps are operated. 

It will be noted from a study of the data in Table I that the 
filament operating temperature, and consequently the efficiency 



TABLE I 

FILAMENT TEMPERATURES AND EFFICIENCY OF VARIOUS TYPES 

OF LAMPS 



Type of 
Lamp 


Volts 


Filament 

Tempera- 
tures 
Degrees F 


Lumen 
Output 


Efficiency 
Lumens 
Per Watt 


Average 
Life 
Hours 


Mazda B-(Vacuuni) Lamps 


10-watt sign service 


lis 


3,795 


72 


7.2 


1,500 


40-watt ordinary 


lis 


3,990 
4,010 


400 


10.0 


1,000 


50-watt ordinary 


115 


515 


10.3 


1,000 


50-watt ordinary 


230 


460 


9.2 


1,000 










Mazda C-CGas-filled) Lamps 


60-watt ordinary 


115 


4,450 


666 


11.1 


1,000 


100-watt ordinary 


lis 


4,530 


1,320 


13.2 


1,000 


200-watt ordinary 


lis 


4,690 


3,240 


16.2 


1,000 


SOO-watt ordinary 


lis 


4,850 


9,500 


19.0 


1,000 


500-watt 'ordinary 


230 


4,660 


8,050 


16.1 


1,000 


1,000- watt ordinary 


lis 


4,920 


21,000 


21.0 


1,000 


1,000-watt stereopti- 


115 


5,320 


26,800 


26.8 


so 


900-watt motion-pic- 
ture projector . . . 


30 


5,320 


24,100 


26.8 


100 
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of the lamp, increases with the size of the lamp; also, that a 
lamp designed for operation on 230 volts is less efficient than one 
designed for 115 volts. This later fact is explained as follows: 
Consider two lamps of the same wattage but one designed for 
230 vohs and the other for 115 volts. The current required for 
the low-voltage lamp will be twice that for the high-voltage 
lamp. Hence, since the size of the filament depends on the 
amount of current it must carry, the filament of the low-voltage 
lamp will be larger than that of the high-voltage lamp. The 
filament of the low-voltage lamp can operate, therefore, at a 
higher temperature because it has more material to evaporate 
before it becomes thin enough to break. 

An idea of the relation of efficiency and life can be obtained 
by comparing the 1,000-watt regular lamp with the 1.000- watt 
stereoptican lamp. By increasing the efficiency from 20 lumens 
per watt to 26.8 lumens per watt the life is reduced from 1,000 
hours to 50 hours — a sacrifice of life to gain the high output of 
light necessary for satisfactory picture projection. In practice 
the first consideration in lamp design is the voltage of the circuit 
on which the lamp will be used. Then, all factors considered, 
the best compromise is determined between efficiency and life 
which will satisfy the requirements of the service. 

6. Tungsten Filaments.— The first lamps using tungsten 
filaments were introduced commercially in 1906. Prior to that 
time, carbon was the only material used for filaments except for 
a short period in which tantalum was used with some degree of 
success. Tungsten is a very heavy metal which is obtained from 
various ores, such as wolframite and scheelite, found in Colo- 
rado, California, New Mexico, and many countries throughout 
the world. It has long been used in the manufacture of steel 
to produce a harder tool steel. The melting point of tungsten is 
6,119° F. A material to be suitable for lamp filaments must 
have a high melting point and in addition must possess the 
ability to resist disintegration when heated to incandescence. 
Carbon has a melting point of about 7.280° F., about the highest 
of any known substance, but it was forced to yield its place to 
tungsten because of the fact that carbon vaporizes more readily 
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and could therefore be operated at only about one-third of the 
efficiency as compared to tungsten, for the same life. 

Pure tungsten, as it is obtained by reducing from the ore, is 
a gray-black powder. This is made into wire by placing a small 
quantity in a metal mould and, by hydraulic pressure, compress- 
ing it into a small bar 16 inches long and about J inch square. 
This bar is very fragile and must be carefully handled. A pre- 
liminary heating in a hydrogen furnace makes this slug a little 
stronger so that it may be handled without danger of lireakage. 
It is then connected between terminals and a heavy electric cur- 
rent passed through. This heats it nearly to the melting point 
and the bar in this new form is not unlike a steel rod in appear- 
ance, though still quite brittle. This rod is then heated and 
passed through swaging machines employing many tmy ham- 
mers that beat and toughen the metal and reduce it to ductile wire 
about fhe diameter of the lead in a pencil and about 30 feet long. 
This large wire, while hot, is then drawn through a series of 
dies, each succeeding one a little smaller until finally it is the 
exact size for a given lamp. The filament for a 10-watt 115-volt 
lamp is .00066 inch in diameter, much smaller than a human 
hair. It is strong and flexible and can be tied in knots without 
breaking. 

7. General Comparison of Vacuum and Gas-Filled Types. 

Until 1913, the .filaments of all commercial electric incandescent 
lamps operated in a vacuum, that is, all air and gases had been 
exhausted from the bulb. Air in the bulb would unite with the 
hot filament and cause immediate failure. In a vacuum lamp, 
the heat losses by convection and conduction are reduced but the 
filament, because there is no .pressure on it, starts vaporizing at 
a lower temperature and therefore evaporates more rapidly than 
it would otherwise. The principle of this is quite the same as 
that of evaporating water, which at normal atmospheric pres- 
sure boils at 212° F., l)ut on a mountain top, where the air 
pressure is less, the boiling point is considerably lower. By 
introducing a gas within the bulb, a pressure is exerted on the 
filament, thus retarding evaporation. The filament can then be 
operated at a higher temperature and consequently a higher 
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efficiency. The gas used must be an inert gas, that is, one that 
does not combine chemically with the filament. For this purpose 
the gases used are nitrogen and argon, separately or mixed in 
certain proportions. The gas is introduced at about 80 per cent, 
of atmospheric pressure and when heated by the lighted filament 
exerts about normal atmospheric pressure on the filament. 
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The relation between the filament temperature and specific 
output in lumens per watt for vacuum, Mazda B lamps is shown 
by curve a, and for gas-filled, Mazda C lamps by curve h, Fig. 3. 
The rated efficiency at which the various 115-volt lamps operate 
at 1,000 hours' life is shown in Fig. 4. Curve a applies to 
Mazda B lamps and curve h to Mazda C lamps. 

8. Advantages of Gas-Filled Lamps.— The filament as it 
evaporates deposits a thin film of black tungsten on the surface 
of the bulb. In a vacuum lamp these particles are fairly uni- 
formly deposited over the bulb ; in the gas-filled lamp, they are 
carried upwards by the heated gas circulating in the bulb and 
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if the lamp is burned base up, this blackening takes place well 
up in the neck where the et¥ect is very much reduced. A further 
advantage of the gas-filled lamp is, that the higher filament tem- 
perature at which it operates produces a whiter light. 

9. Bulb Blackening. — The blackening of the bulbs of incan- 
descent lamps has always been an important factor when con- 
sidering the lamp efficiency. The sooty deposit absorbs heat as 
well as light. The heat increases the bulb temperature until the 
temperature may apjwoach the softening point of glass, which 
was the chief limiting factor to the useful life of the lamp. 




Fig. 4 



Many chemicals have been used in the bulbs of ordinary lamps, 
with varying success. However, a recent development of the 
high-wattage lamps (3, 5, and 10 kilowatts) required for avia- 
tion and tire motion-picture industry has brought about a new 
method of removing the soot or preventing the blackening of 
the bulbs. The following simple method has proved effective: 
About a teaspoonful of a specially prepared tungsten powder 
of coarse crystalline structure is placed inside the lamp bulb 
before the air is exhausted from it. To clean the bulb it is only 
necessary to remove the lamp from its socket and turn it so that 
the cleaning powder falls on the part of the bulb surface to be 
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cleaned. Then by gently rotating the bulb so that the powder 
moves back and forth, the black deposit is quickly removed. 
The particular types of lamps mentioned are burned with the 
base down so that this residue in the bulb is in the base when 
the lamp is burning. 

10. Energy Distribution. — Observations will show that the 
bulb of a gas-filled lamp is much hotter to the touch than a 
vacuum lamp of the same wattage. 'J'he ]:)rincii)al cause of this 
difference in local temperature is, essentially, that the gas content 
of the gas-filled lamp is not only a conductor of heat but allows 
heat convection to the bulb ; the vacuum lamp permits little or 
no heat conduction or convection. The approximate relative 
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distribution of energy within a 100-watt lamp of vacuum con- 
struction and a 100-watt gas-filled lamp is presented graphically 
in Fig. 5. It is seen that the energy expended in local heating 
in the case of the gas-filled lamp is greater than that of the 
vacuum lamp, in approximately the ratio of 3 to 1. This graph 
in Fig. 5 shows also the relative small percentage of energy 
put into a lamp that is radiated as light. More than 90 per cent, 
of the energy in lamps is used in merely heating up the filament 
and only 5 to 10 per cent, in actually producing light. It should 
be understood, however, that the additional 3 per cent, of the 
wattage transformed into light by the Mazda C lamp, actually 
represents an increase of about 30 per cent, in the efficiency of 
light production. 
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The greater the diameter of the filament the smaller, relatively, 
are the heat losses produced by the circulating gas. This is 
explained as follows: It would be expected that if the diameter 
of the filament were doubled, which would double its surface for 
a given length, the rate at which heat is convected away by the 
circulating gas would be doubled. This is not true, liecause there 
is a film of hot gas, about one-sixth of an inch in thickness which 
adheres to the filament. The effective diameter of the radiating 
surface is the diameter of this hot film of gas surrounding the 
filament which is fairly constant irrespective of the filament size. 
Therefore, the eflFective cooling surface is relatively larger for 
a thin filament than it is for a filament of larger diameter. There 
is a point then, as the diameter of the filament is decreased, as 
must be the case with lower-wattage lamps, where the elTect of 
cooling by the gas more than offsets the advantage gained by its 
use, and the vacuum type becomes more efficient than the gas- 
filled type. 

11. Coiled Filaments. — The filaments of most present-day 
, lamps are coiled. Some types of projection lamps, where the 
' source must be small, are double-coiled. Coiling is accomplished 
automatically by a machine that wraps the filament wire tightly 
around a fine co]i]U'r wire as a mandrel. This copper mandrel 
is then dissolved with acid, which serves also to clean but will 
not otherwise attack the tungsten wire. Coiling was first made 
necessary by the use of gas in a lamp. While the increased pres- 
sure allowed the filament to be operated at a higher temperature, 
the gas conducted the heat away and tended to offset all of the 
advantage. By coiling the filament it was concentrated in a small 
space and exposed a much smaller surface directly to the gas 
circulating in the bulb. 

The use of coiled filaments was later extended quite generally 
to Mazda B lamps, with some attendant advantages. Coiling has 
the effect of increasing the ruggedness, and at the same time 
lessens the heat losses through the filament supports, because 
only three or four supports are needed in place of ten or more 
in the case of a single strand of wire wound up and down 
between upper and lower supports. The filament for a 50-watt 

N 152—2 
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115-volt lamp is about 17 inches long uncoiled, but only about 
If inches in the coiled length. 

12. Size of Filaments.— Since a lamp is designed for opera- 
tion at a definite rated voltage, the filament must have a certain 
resistance for its wattage, to comply with Ohm's law. The resis- 
tance of the lighted filament is from 12 to 1<S times its resistance 
when cold. With the resistance known for any given operating 
temperature, it is but a question of mathematics to compute the 
diameter and length of wire necessary for any specific lamp. 
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Via. 6 

In Fig. 6 are shown the filament dimensions of 115-volt Mazda 
lamps. Curve a represents the filament sizes for certain wat- 
tages, considering certain lengths of filament, for both Mazda 
B and C lamps. A similar curve b applies to Mazda B lamps 
only, while curve c is for Mazda C lamps only. Allowances must 
be made always for temperature losses in all parts of the lamp. 
Table II shows the filament diameter and uncoiled length for a 
number of diflferent sizes of lamps as well as voltage classes. 

In this connection it is interesting to know how extremely 
uniform in diameter a lamp filament nuist he in order to assure 
a good lamp. If there were a thin spot in the filament, and if 
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the diameter at this thin spot were only 1 per cent, less than that 
of the rest of the filament, this spot would get so much hotter 
than the remainder, that the life of the lajnp would he only one- 
third as long as it would he without the thin spot. When it is 
recalled that for certain lamps, it requires two or three filaments, 
laid side by side, to equal the diameter of a human hair, the tre- 
mendous degree of accuracy required to produce lamps having 
a high degree of uniformity in lamp life can be appreciated. 

13. Filament Forms to Meet Specific Service Requirements. 

The actual filament form for any type lamp is governed largely 



TABLE 11 

FILAMENT DIAMETERS AND UNCOILED LENGTHS OF WIRE 
FOR LAMPS 



Lamp 

Watts 


Volts 


Diameter of 
Filament Wire 
Inches 


Diameter of 
Coiled Filament 
Inches 


Uncoiled 
Length 
Inches 


Approximate 
Coiled Length 
Inches 


10 


lis 


.00066 


0.0038 


16.3 


1.73 


50 


115 


.00162 


0.0097 


17.1 


1.62 


50 


250 


.0012 


0.0065 


45.0 


4.S7 


100 


lis 


.0026 


0.0162 


21.3 


1.84 


lOO 


230 


.0016 


0.0153 


35.2 


1.98 


100 


30 


.006 


0.0310 


7.7 


0.84 


1,000 


lis 


.0117 


0.0534 


39.0 


4.61 


1,000 


230 


.0074 


0.0409 


64.7 


6.53 


1,000 


30 


.0278 


0.1056 


1S.7 


2.16 



by the service for which it is designed or by the position of burn- 
ing as determined by the equipment in which it is to be used. 
The general line of lamps for home, store, or factory purposes 
are so-called universal burning, meaning that they can be burned 
in any position with equally good results. Certain lamps, par- 
ticularly in street lighting, are for reasons of efficiency designed 
especially for burning in only one position, either base up or 
base down, and the filament is supported in such a manner that 
such lamps for satisfactory performance must be burned in the 
position for which they are designed. Other lamps, particularly 
those for projection service, have closely spaced coils in order 
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to reduce the source of light to minimum area, and thus facili- 
tate accurate control of the beam of hght. Motion-picture pro- 
jection lamps have the filament segments all in one plane for 
this same reason. In the lamps designed especially for rough 
service, the filaments have many additional supports, some of 
which are pinched tightly to the filament to prevent its sliding 




Fig. 7 



through the supports and interlocking, thus causing a portion 
of the filament to short-circuit. 

A number of common filament forms are shown in Fig. 7. 
The filament (a) is for use only when the base is up, whereas 
filaments (b) and (c) are used only when the base is down. 
Filaments (rf), (c), and (/) may be used when the base is in 
any position. View (/) shows the filament construction for 
the rough-service lamps. The center supports are pinched tight. 
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14. Lamp Bulbs. — The term \m\h refers not to the complete 
lamp but merely to the outside glass shell of the lamp. Bulbs 
are made in a variety of shajjes, sizes, and finishes, depending 
on the service for which the lamp is used. Typical bulb shapes 
are shown in Fig. 8. The diameter of a bulb is expressed in 
eighths of an inch and is always used in conjunction with a letter 




designating the tyi^e of builj, such as PS-52, T-10, G-40, A-23, 
and so on. A type S-bulb with intermediate base is shown in 
Fig. 8 (a), a type F-bulb with candelabra base in (b), a type 
S-bulb with medium base in (r), a type T-bulb with prefocus 
base in (rf), and a type PS-bulb with mogul base in ((')• The 
combination PS-52, for example, indicates that the bulb is pear- 
shaped as shown in Fig. 8 (e), and is 52-eighths of an inch, or 
actually 6i inches in diameter ; this particular bulb is standard 
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for the 1,000-watt Mazda lamp. Other shapes of the bulbs are 
represented as follows : T indicates tubular ; G, round ; D deco- 
rative ; F, flame ; S, straight side. The letter A is the designa- 
tion for the shape used for the standard line of inside frosted 
lamps from 15 to 100 watts. 

15. Manitfacture of Bulbs. — Except for the few types for 
which there is a small demand, all bulbs are blown by automatic 
machinery. These bulb-blowing machines are huge revolving 
mechanisms standing 10 feet high, 12| feet in diameter, and 
weighing about 30 tons. Each machine has 10 pairs of molds 
served by as many mechanical arms, which, at the proper instant, 
reach into the pot of molten glass and pull out two gobs of gla^s. 
These are transferred to the molds and rotated while just the 
right air pressure is supplied to round out the bulb. Several 
such machines can operate from each furnace and each machine 
is capable of producing 50,000 to 90,000 bulbs every 24 hours. 

16. Bulb Temperatures. — The melting point of glass is 
within the range of 2,200° to 2,700° F., depending on the kind 
of glass, although the temperature at which a bulb will soften 
is much lower. A general figure for the approximate tempera- 
ture at which the ordinary bulb glass has been found to soften 
would be 700° F. The size of the bulb used for lamps of vari- 
ous wattages must be such that they will radiate the heat from 
the filament and operate at a sufficiently low temi>erature so that 
they do not soften. It is not uncommon to find bulbs in special 
service that are blistered ; that is, a bulge or bubble is formed 
on the bulb, by the gas pressure within, on a point on the glass 
that had been softened under high temperature. Where exceed- 
ing high temperatures are met with, as, for example, in the 
motion-picture lamps, bake-oven lamps, etc., the bulbs are made 
of special heat-resisting glass. 

Table III shows the approximate bare-bulb temperatures for 
various types and sizes of Mazda lamps burned base up. 

It will be noted from Table III that it is necessary to increase 
the bulb size with the wattage steps in order to operate within 
satisfactory temperature limits. Another point that must be 
considered in determining bulb size for a given wattage is the 
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question of Ijlackening. As mentioned earlier, the filament, as 
it slowly evaporates, deposits a thin layer of tungsten on the 
inner surface of the bulh. A high-wattage filament in a small 
bulb, aside from the matter of temperature, would soon cause 
excessive blackening, which would result in a serious decrease 
in efficiency and wasteful absorption of light. 

17. Bulb Finishes.— Since 1926 all bulbs up to and includ- 
ing the 100-watt size have been regularly supplied inside frosted. 

TABLE III 



BULB TEMPERATURES 



Type of Lamp 


Bulb 
Size 


Temperature 
of Bulb 

(Maximum) 
Deg. F. 


Temperature 
of Bulb 
Opposite 
Filament 
Deg. F. 


Temperature 
of Bulb 
at Base 
Deg. F. 


10-watt vacuum . . . 


S-11 


103 


103 


98 


50-watt vacuum . . . 


A-21 


158 


158 


129 


60-watt gas-filled . . 


A-21 


257 


195 


221 


100-watt gas-filled . . 


A-23 


275 


205 


225 


150-watt gas-filled . . 


PS-25 


338 


210 


197 


200-watt gas-filled . . 


PS-30 


330 


212 


188 


30O-watt gas-filled . . 


PS-35 


297 


226 


175 


500-watt gas-filled . . 


PS-40 


379 


288 


196 


500-watt daylight . . . 


PS-40 


424 


363 


218 


1,000- watt clear 


PS-S2 


371 


243 


165 


1,000-watt photo- 












PS-S2 


373 


334 


247 


1,000- watt projection. 


T-20 


751 


751 


332 (base 








down) 



This process is noteworthy not only as a lamp improvement 
but because it accomplishes ditTusion of light from the intensely 
brilliant filament with little sacrifice in efficiency. In the past it 
was necessary to resort to outside etching, spray coatings on 
special white glass bulbs to soften the light; these methods 
were accompanied with a loss of 5 to 25 per cent, of light 
absorbed by the diffusing material, and, at the same time, the 
lamps collected dirt readily and the surface was hard to clean. 
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Above the 100-watt size lamps are supplied with either clear 
or white-bowl bulbs. The latter differ from clear bulbs only in 
that the lower part of the bulb is sprayed with a sujierficial coat- 
ing of white enamel. They are used principally in standard 
industrial types of reflectors to diffuse the light and reduce the 
glare which would result if clear lam]5s were used in o\Kn reflec- 
tors. Colored lamps are made either in natural colored-glass 
bulbs or with coatings consisting of finely-ground pigment mixed 
with a permanent binder and sprayed on the bulbs. The latest 
development in color application is the use of spray colors on 
the inside of the bulb. This process is applicable to the vacuum- 
type lamps, and is a considerable improvement over outside spray 
coatings because of the freedom from dust and dirt depreciation. 
Lamps may be obtained, also, with special blue-green glass 
bulbs. These produce a whiter quality of light and are desig- 
nated as Mazda Daylight lamps. 

18. Types of Bases. — There are four standard types of 
bases in general use aside from those used for miniature lamps. 
These are illustrated in Fig. 8, and are designated as Mogul, 
Medium, Intermediate, and Candelabra, indicating the type of 
socket in which each base will fit. Mogul bases are used on 
lamps above 200 watts and the Medium is used on all sizes below 
200 watts. The Intermediate and Candelabra are used only on 
certain 10- and IS-watt lamps for signs and special decorative 
service. Lamps for picture-projection service are now ordi- 
narily supplied with special prefocus bases to facilitate accurate 
positioning and focusing in projection equipment. The bases 
of miniature lamps are of two kinds, the bayonet base as used 
for automobiles and the miniature screw base, used largely for 
flashlights. 

19. Lamp Performance in Servicie. — The amount of light 
produced by incandescent lamps decreases as the lamps become 
old in service. It is important, therefore, in planning illumina- 
tion, to know how the light output throughout the life -of the 
lamp compares with the initial value. Moreover, to make a care- 
ful analysis of the cost of lighting, it is necessary to know the 
average efHciency with which light is produced by a lamp 
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throughout its entire period of service. The typical hfe per- 
formance curves of vacuum and gas-filled lamps for ordinary 
service at rated voltage are shown in Figs. 9 and 10, respectively. 
In both diagrams, curve a represents the amperes and watts, 




/£7 20 JO '30 SO 60 70 SO 90 JOO 

fie/' Cerpf I'e'nsi^e 7b/a/ l//'e 
Fig. 9 

curve b the lumens per watt, and curve c the lumens for different 
percentages of the average total life of the lamp. These curves 
show that the Mazda C, or gas-fillcd lamps, Fig. 10, maintain 
a higher per cent, of initial lumen output than do vacuum lamps, 
Fig. 9. This is largely the result of higher operating tempera- 
ture and of the convection currents set up in the gas which carry 




10 20 30 40 SO eO 70 60 90 lOO /lO 120 130 MO /SO 
Per Ce/7f Average Tbta/Ofe 

Fic. 10 

the evaporated tungsten particles high up in the neck of the bulb 
where the blackening does not interfere to any great extent with 
the transmission of light. 

An important factor in the selection of lamps is their average 
efficiency during life. Lamps of very poor quality may show 
an initial lumen output equal to the best, but, owing to short- 
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comings in design or manufacture, they will depreciate rapidly 
as they are burned, so that they will produce considerably less 
total light than lamps of standard quality. Since the eye is 
incapable of recording the differences in light output that occurs 
when groups of lamps are tried out imder service conditions, a 
comparison of lamp quality is obviously a function of a photo- 
metric laboratory. In such a laboratory, thousands of lamps 
each year are burned to failure under 
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about one-tenth of one per cent. A battery of spherical photo- 
meters is used for measuring the light output of the lamps under 
test and readings are taken periodically during the life of the 
lamps. 

20. Voltage and Frequency Characteristics. — It has been 
shown that the light output of a lamp increases with the tem- 
perature of the filament. Naturally then, as the voltage applied 
to a lamp is increased or decreased, the light output will vary, 
liecause in varying the voltage the current and the wattage also 
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vary automatically in different amounts. Roughly, each 1 per 
cent, variation of voltage from the rated voltage of the lamp pro- 
duces about 3| per cent change in lumen output ; at the same 
time the amperes change slightly less than | per cent., and the 
wattage varies about 1.6 cent., so that the efficiency of the 
lamp is changed about 1.9 per cent, for each 1 per cent, change 
in voltage. These relations are shown graphically in Fig. 11, 
which gives the characteristics of Mazda lamps as regards cur- 
rent, wattage, lumen output, and efficiency in lumens per watt, 
for lamps operated at other than the normal rated voltage for 
which the lamp is designed. In this diagram, curve a represents 
the ohms resistance, h the amperes, c the watts, d the lumens 
per watt, and c the lumens corresponding to different percentages 
of the normal lamp voltage. 

By far the greatest effect of change of voltage from normal 
is the effect on the life of the lamp, since each 1 per cent, change 
in voltage results roughly in a 15 per cent, change in lamp life. 
As the voltage is increased, the lamp life is decreased and, con- 
versely, as the voltage is decreased the lamp life is increased. 

Tungsten filament lamps operate equally well on either direct- 
or alternating-current circuits. On alternating-current circuits 
the frequency has no appreciable effect on lamp life, although 
there is a noticeable flicker on 25-cycle current, particularly with 
lamps below the 50-watt size. This flicker is caused by the cool- 
ing of the filament as the current goes through zero in the alter- 
nating cycle. 

21. Voltage Standardization. — A constant effort has been 
made for a number of years to standardize the voltages of all 
central-station lighting companies, which voltages in the past 
ranged from 100 to 130 volts and for which lamps had to be 
supplied for each voltage step. At the present time, however, 
standardization has been carried along the line of only three 
standard voltages, and it is hoped ultimately that this will finally 
» be reduced to one single standard. The degree of standardiza- 
tion that has been accomplished is indicated by the following 
percentages of lamps of standard voltage as compared with the 
present demand for lamps of other voltages. 
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Per Cent, of Total Lamps 

110- volt Standard 9 

115-volt standard 48 

120-volt standard -59 

Odd voltages 100 to 130 1 

200 to 250 volts 3 

Practically every community, in fact, more than 99 per cent, 
of the population, is now within reach of service from one of 
the three standard voltages and the above trend indicates 115 
volts as the probable single standard. The odd voltage lamps 
now supplied are almost negligible, whereas the high-voltage 
lamps of the 230-volt class comprise only about 3 per cent, of 
the total. These are used largely in industrial plants, mines, etc., 
where lighting and power circuits are not separated. 

22. Comparison of 115- and 230-Volt Lamps. — All Mazda 
lamps have essentially the same operating characteristics but, 
owing to the necessary difference in construction, the quality of 
service rendered by 230-volt lamps is not equal to that given by 
the lower 115-volt class. Briefly stated, the filaments of 230- 
volt lamps are longer and of smaller diameter than those of 
1 1 S-volt lamps ; comparative figures are given in Table II. With 
the greater length of filament and added number of su]3ports, 
there is an increased tendency to short-circuit portions of the 
filament. There is also a greater tendency for the current to arc 
imd cause an immediate failure of the lam]). Since the filaments 
are smaller in diameter, the temperature at which they can be 
operated with normal life is somewhat lower than that at which 
the filaments of 115-volt lamps operate. The light output and 
efficiency is therefore less, and, on account of the small demand 
for the higher-voltage lamps, their cost is generally higher. 

In any large installation using lamps of the 230-volt class it 
is generally economical to rearrange circuits and by the use of 
balancer coils or motor-generator equipment to adapt 230-volt 
circuits to the use of 115-volt lamps. Burning of two 115-volt 
lamps in series on 230-volt circuits is not to be recommended, 
because of not only unsatisfactory performance, but also the 
inconvenience of having two lamps out of service each time 
one lamp fails. 
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23. Socket Voltage in Service.— While the operating volt- 
ages of central stations have reached a high degree of standardi- 
zation, the actual voltage at the socket is often too low and the 
lamps seem to hurn dim. This may result from any of the fol- 
lowing conditions: low voltage supply; fluctuating voltage; 
inadef|uate wiring; lamps of incorrect voltage. Unsatisfactory 
service is frequently found to be the result of poor voltage sup- 
ply. The actual voltage at the individual lamp socket should be 
tested at intervals with a voltmeter, and if the socket voltage is 
appreciably below the standard, steps should be taken to bring 
the voltage up to normal. Most central stations maintain strict 
voltage regulation on their circuits, although conditions are fre- 
quently found where overloaded distrilnition systems produce 
erratic socket voltage. Where lamps burn out consistently at 
less than normal life, high supply voltage is usually the cause. 
Overloaded circuits in any lighting installation will produce low 
voltage at the socket, causing poor lamp efficiency and erratic 
service. Such conditions should be corrected by rewiring. The 
wire size used should be such that the voltage drop between the 
]ianel box and the outlet does not exceed 2 per cent, of the 
lighting-circuit voltage. 

24. Lamp Life and Lamp Quality. — A lamp may be 
designed for any average life desired but it should be remem- 
bered that long life is obtained at a sacrifice in efficiency. The 
life may be extended as already shown by burning the lamps at 
less than rated voltage but the efficiency decreases rapidly. The 
cost of electric energy consumed by a lamp during its life may 
b,e ten or twenty times the cost of the lamp itself. Consequently, 
it is not economical to operate a lamp at less than rated voltage, 
since the resulting inefficient use of electric energy is a much 
greater factor than the slightly increased life of the lamp. When 
a lamp is designed the average cost of current and the price of 
the lamp are considered in order to arrive at the most economical 
life. It is impossible to make lamps with filaments so absolutely 
uniform that each individual lamp will give exactly 1,000 hours' 
life for which it is designed. The 1,000 hours' life is based on 
the average for thousands of lamps. Lamp life is like human 
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life in that no one can guarantee the life of a single individual 
but, from a study of many thousands of cases, both lamp manu- 
facturers and life insurance companies know accurately what 
the average life will be. 

A typical burnout curve of a lot of Mazda lamps is shown in 
Fig. 12. Out of 1,000 lamps, say, 50 will burn out during the 
first 500 hours ; 900 will burn out between 500 and 1,500 hours ; 




Percent of Rated Life 
Fig. 12 

while the last of the remaining 50 will not fail before 2,000 hours 
have elapsed. The lamps which fail before 500 hours are thus 
compensated for by those which last beyond 1,500 hours, so that 
the average service for the entire group is equal to the rated 
1,000 hours. 

25. Lamps for Special Service. — More than 90 per cent, 
lof the large incandescent lamps used are of the ordinary types 
ranging in size from 10 to 1,000 watts, the average wattage being 
approximately 60 watts. The number of lamps sold each year 
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hasvbeen steadily increasing and out of a total, say, of 320 mil- 
lion large lamps used, in the United States, the percentage sold 
of each wattage is divided about as follows : 



Watts 


Per Cent. 


Watts 


Per Cent. 


10 


4.0 


100 


11.0 


IS 


5.0 


ISO 


2.0 


2S 


22.0 


200 


3.0 


40 


14.0 


300 to 1,000 


1.0 


SO 


17.0 


Street-railway, 




60 


13.0 


street series, 
and miscellaneous 
lamps 


8.0 



Although the operating characteristics of all tungsten filament 
lamps follow the same principles, a brief discusion is given of 
])articular ty]>es of lamps with respect to their design for a par- 
ticular service. 

APPLICATIONS OF VACUUM AND GAS-FILLED LAMPS 

26. Daylight and Rough-Service Lamps. — Mention has 
been made of the fact that the hotter the filament the whiter the 
light produced, because a greater ]iercentage of light is radiated 
in the shorter wavelengths. It is impractical, however, to operate 
incandescent lamps at such temperature that the color of light 
is as white as natural daylight. In order to get this effect it is 
necessary to screen out some of the yellow and red rays so that 
the light that ultimately comes from the lamp has more nearly 
the same proportions of all colors as are found in natural day- 
light. This is accomplished l)y employing a blue-green glass bulb, 
which absorbs some of the light. Such lamps are called, com- 
mercially, Mazda Daylight lamps. The light output or efficiency 
is about 65 per cent, of that of clear-bulb lamps ; in other words, 
about 35 per cent, of the light is sacrificed to obtain light of 
whiter color. 

Small lamps, termed rough-.service lamps, which will stand 
considerable vibration or hard bumps and shocks without break- 
ing the filament, are often needed in factories and other places. 
By special filament construction and added filament supports, 
very rugged construction is possible. Such lamps usually sacri- 
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fice efficiency for ruggedness and are therefore recommended 
for use only where the service is unusually severe. 

27. Photographic Lamps. — These lamps, usually made in 
high-wattage sizes, employ the same principle as is used in day- 
light lamps. The blue bulb used appears a more decided blue, 
considerably more light is absorbed, and the lamp emits light of 
all colors in substantially equal amounts. The blue glass is of 
such properties that it absorbs the greater portion of the rays 
that do not aflfect an ordinary photographic ]ilate and therefore 
are not useful in taking pictures. The results obtained with the 
photographic lamp are a close duplication of those obtained by 
natural daylight, hence the photogra])her accustomed to daylight 
quality, can use the photographic lamp with good results. 
Because the red and yellow rays do not affect ordinary photo- 
graphic plates or film, a photographer uses red or yellow light 
to supply the illumination while developing negatives and print- 
ing pictures. Clear-bulb lamps are, however, satisfactory for 
photographic purposes and are widely used. While their light 
contains a great abundance of yellow, orange, and red rays, this 
is of considerable advantage in the case of panchromatic film, 
which is sensitive to red and registers this color. 

28. Projection Lamps. — Lamps used for motion-picture 
projection, in fi'oodlights, locomotive headlights, and many other 
equipments which are designed to control light accurately, 
employ special filament construction to produce a concentrated 
light source. For that reason, lamps for such service have the 
filament coils closely grouped and certain tyjies em]>loy special 
coil filaments. Not only must the light source be as small as 
possible, but the filaments must also be accurately ]ilaced in the 
bulb so that the source can be quickly and accurately focused in 
the equipment in which they are used. By means of special 
prefocus bases, accurate placing of the filament is accomplished, 
so that such lamps can be inserted in equipment without further 
attention to focusing. 

29. Street Series Lamps. — Incandescent lamps are now. 
generally used for street lighting and in new installations little 
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consideration is given to other illuminants. Since most of the 
early street-h'ghting systems were designed for series operation 
of arc lamps, an incandescent lamp of special design was neces- 
sary in order to operate satisfactorily on series circuits in place 
of the old arc equi])ment. The principal distinction between 
street series lamps and ordinary multiple lamps is that street 
series lamps are designed for operation on circuits regulated for 
current and the lam])s must he made as accurately as possible to 
a given current rating. Curve a. Fig. 13, gives the values of 
lumens, cm-ve /', the lumens per watt, and curve r, the volts, for 
values of current ranging from 10 per cent, below to 10 per 




Fig. 13 

cent, above normal for street series incandescent lamps. The 
various sizes of lamps are rated in lumens at a given current. 
The standard series circuits ojierate at 4, 5.5, 6.6, and 7.5 
amperes with the majority having a 6.6-ampere rating. Lamps 
are available for these circuits ranging from the 600-Iumen size 
up to 25.000 lumens output. The larger series lamps, however, 
are designed for 15 and 20 amperes, being operated from the 
standard series circuit through constant-current safety-coil trans- 
formers. 

The voltage across each lamp in a series circuit is relatively 
low, ranging f ronr 6 to 60 volts, depending on the length of cir- 
cuit and the number and size of lamps used. Because of this 

N 152— 
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lower operating voltage, the filaments are larger in diameter 
and, for a given life, have a greater efficiency than standard 115- 
volt multiple lamps. In general, street series lamps are designed 
for 1,350 hours' life. 

30. Miniature Lamps.— More than 225 million miniature 
lamps for automobile lighting, flashlights, and miscellaneous 
purposes, are used each year, their uses having nudtiplied until 
the demand is more than two-thirds of the demand for large 
lamps. Miniature lamps are essentially of low-voltage design 
since they operate usually from storage batteries or dry cells. 
Their characteristics are quite similar to large lamps, although 
their source of power cannot easily be regulated to supply con- 
stant voltage. The lamps are therefore designed for average 
voltage conditions on the particular battery circuit common to 
the service in which they are used. 

ARC LAMPS 

INTRODUCTION 

31. The arc lamp was the earliest type of electric illu- 
minant. Early electrical experimenters learned that if two car- 
bon rods were connected in an electric circuit and the circuit 
closed by touching the tips of these rods together, up separating 
the carbons, the current continued to flow across the gap, form- 
ing an arc that produced light. Sir Humphrey Davy, in 1801, 
first demonstrated an elementary form of arc lamp using a bat- 
tery of 2,000 cells, although the first commercial application 
was not until 1876 when Charles Brush invented the open car- 
bon-arc and applied it to lighting streets ; this was several years 
prior to Edison's first commercial incandescent lamp. Arc lamps 
depend for their action upon the tendency of electric current 
to continue flowing across a gap after the circuit is broken. This 
principle is manifested by the flash of flame at the opening of a 
knife switch or circuit-breaker in a circuit carrying a heavy cur- 
rent. The early types of arc lamps employed two carbon elec- 
trodes, held end to end. The circuit was broken by pulHng the 
electrodes apart, the arc forming in the gap between the elec- 
trodes. Later types employ electrodes of special composition. 



ELECTRIC ILLUMINANTS 



29 



As the arc lamp is burned, the electrodes are oxidized or vapor- 
ized and must be replaced at intervals. The length of life of 
the electrodes dei)ends on their chemical composition. The lamp 
itself consists essentially of the mechanism necessary to keep 
the electrodes in proper position and to provide automatic feed 
as the electrodes are gradually eaten away ; certain resistances are 
also necessary on multiple circuits to control the current flow 
because of the peculiar resistance characteristics of the arc. 

In general, arc lamps are rugged and adaptable to many uses 
and have the advantage of relatively high efficiency and concen- 
tration of the light source along with some control of the color 
of light. The necessity of trimming and frequent replacing of 
the electrodes, and the presence of undesirable products of com- 
bustion are two objections to their use. The complicated mech- 
anism is also a handicap in comparison with the simple con- 
venience and flexibility of incandescent lamps. These facts have 
led to the gradual replacement of arcs by incandescent lamps for 
almost every lighting service. They are, however, encountered 
in older street-lighting installations, and are used to particular 
advantage for high-powered searchlight projection, also for 
motion-picture projectors where concentrated, high-brightness 
light sources are essential. Certain tyi>es of arc lamp are well 
adapted to photochemical uses such as blueprinting, photoengrav- 
ing and commercial photography, because of their efficiency in 
emitting blue and violet light to which photographic emulsions 
are most .sensitive. 

TYPES OF ARC LAMPS 

32. Old Types — Both Open and Enclosed. — The earliest 
type of arc lamp was called the open arc because it was operated 
with the carbon electrodes exposed to the atmosphere. At the 
time of its introduction it was the most powerful artificial illu- 
minant known and was received with much favor. These earlier 
lamps had many disadvantages, the principal objections being 
the unsteadiness of the light, poor distribution of light, and the 
rapid consumption of the carbons which had to be renewed about 
every 8 or 10 burning hours. These lamps operated in series 
at 50 volts, the number per circuit being limited by the maxi- 
mum voltage supplied by the generator. 
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An improved type was the enclosed arc in which the arc 
operated in a g-lass glo1)e that admitted very little air. This lamp 
was less efficient than the open arc but did not require the same 

attention, since the carbons lasted 
from 100 to 125 hours. Both the 
open and enclosed types fall under 
the general classification of crater 
arcs. The tip of the positive carbon 
assumes the shape of the hollow 





Fig. 14 



crater and about 90 per cent, of the light is emitted from this 
intensely bright carbon crater. The negative electrode and the 
arc stream produce relatively little 
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It was [iOund in later studies that certain chemicals could he 
comhined with the carhou to form the electrodes and these 
chemicals when vaijorized hy the arc were highly luminous. This 
led to the development of the Flame carhon-arc, so called Ijecause 
the arc stream furnished most of the light. The efficiency of 
this type of lamp was three times that of the old open-arc lamp 
and about ten times that of the enclosed type. 

33. Magnetite or Luminous Arc. — The modern type of arc 
lamp and the one used to some extent for street lighting is known 
as the magnetite or luminous arc lamp and is shown in Fig. 14. 
An inside view showing the mechanism of an ornamental pole- 
type lamp is indicated in (a) and the appearance of a complete 
lamp of the bracket type as frequently installed, in (b). The 
positive electrode is composed of a rod of magnetite, which is 
a special oxide of iron, mixed with certain other oxides that 
operate to influence the efficiency ,and color quality of the light, 
and the life of the electrode. The negative electrode is merely 
a heavy co]i]^er disk. The light is produced largely in the arc 
stream by virtue of the light-giving properties of the chemicals 
as they are va]>orized at high temperature. The color quality is 
controlled l)y the addition of certain chemicals. For example, 
the addition of uranium or titanium gives a characteristic blue- 
white light so essential to photographic processes. Magnetite 
electrodes have relatively long life, lasting from lOO to 350 burn- 
ing hours. 

OPERATION OF ARC LAMPS 

34. Street Lighting. — The series circuit is best adapted to 
the operation of arc lamps because such circuits are automati- 
cally regulated for constant current. In practice, series-arc cur- 
rents range from 4 to 10 amperes, the most common circuit 
operating at 6.6 or 7.5 amperes. The arc voltage of the various 
types of lamps range from 50 to 80 volts and since the lamps 
are connected in series the voltage of the system depends on the 
number of Iani])s ; in many cities the circuits are operated at 
several thousand volts. The lamps may be designed for opera- 
tion on either direct-current or alternating-current circuits, 
the exception being the magnetite arc, which is adapted only for 
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direct-current operation. A special direct-current circuit with 
mercury rectifiers is used as the source of power for the mag- 
netite arc. 

While arc lamps can be operated on multiple circuits, the prin- 
cipal objection to this system is the excessive waste of energy 
in the resistances that must be provided to limit the current. 
The conductivity of the arc is not constant and is increased 
greatly with increased current. As the arc heats up, the heated 
gas stream between the electrodes becomes a better conductor 
and its resistance becomes less. On multiple circuits this allows 
more current to flow, which in turn heats the arc more and more 
and again decreases the resistance. It is necessary, therefore, 
to provide some means to limit the current flow and prevent 
what is called a short-circuit arc. This is usually accomplished 
by employing an external resistance when the arc-light circuit 
is direct current, or a reactance coil when the supply circuit is 
an alternating-current one. This auxiliary ap])aratus may con- 
sume as much energy as the arc itself, or more, consequently the 
multiple arc is little used in this country for street lighting. 

35. Projection Work. — Arc lamps are particularly adapted 
to high-powered searchlight projection purposes because, for 
these purposes, it is necessary to have a light source as small as 
possible in order that it may be located at the focus of an accu- 
rately designed optical system. High-powered incandescent 
lamps produce an abundance of light, but the filament size 
becomes so large that much light is wasted in gaining accurate 
control of the light. For high-]50wered projection, white flame, 
cased carbon-electrodes are generally used. The positive elec- 
trode is about i inch in diameter and has an intensely bright 
crater of small area. The light output depends on the current 
density in the arc, which can be controlled by a rheostat in the 
circuit. Such arcs operate at from 20 to 200 amperes. For 
motion-picture projection this positive crater is so placed that 
it directly faces the condensing lens, which results in a large 
percentage of light being used. By setting the negative elec- 
trode at a sharp angle to the positive, there is no interference in 
the control of the light. An increase in ])icture brightness is 
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obtained by increasing the current, thereby increasing the intrin- 
sic brilliancy of the crater. A modern type of motion-picture 




Fig. 16 



projector arc is shown in Fig. 15, witli a parabolic reflector a, 
a plano-convex condensing lens b, the positive electrode c, and 
the negative electrode d. 
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In searchlight projectors, such as is shown in Fig. 16, the arc 
crater is phiced at the focus of a large parabolic mirror. The 
mirror of the largest military searchlights is more than 5 feet 
in diameter. The power and penetration of a searchlight 
depend largely on how well the light is confined to a narrow 
beam, which in turn depends on the size of the light source. 
The latest developments in electrodes for searchlights have made 
possible searchlights having a beam spread of only 1 to 2 degrees 
and capable of producing a beam of greater than 1,000,000,000 
candlepower. A l)eam of this intensity is visible for several 
hundred miles. 

GASEOUS CONDUCTOR TUBES 
PENERAL DATA 

36. There are two types of gaseous conductor tubes in use 
today ; mercury vapor and neon. Each, because of its peculiar- 
ities, is limited in its application to restricted services. These 
tubes de])end for their operation on the principle of an electric 
discharge through gases, discovered about 1850 by Geissler, and 
later developed by Sir William Crooks about 1872. The first 
practical gaseous conductor lamp was invented by Dr. McFarlan 
Moore and was known as the Moore tube. A number of instal- 
lations of this form of tube lighting were made but improve- 
ments in incandescent lamps with their greater convenience and 
flexibility of use, cut short any general use of the Moore tube. 

THE MERCURY-VAPOR LAMP 

37. General Construction. — The mercury-vapor lamp, 
called commercially, after the inventor, the Cooper Hewitt lamp, 
has found considerable application since it was first exhibited in 
1901. Standard mercury-vapor lamps are manufactured in two 
types, one for use on direct current and the other for use on 
alternating current. The direct-current lamp is essentially an 
enclosed arc lamp with the mercury pool operating as a cathode 
and the iron cup acting as the positive anode. The alternating- 
current lamp is a s])ecia] form of a mercury-arc rectifier, in which 
the rectifier bulb has been elongated into a 50-inch tube, 1 inch 
in diameter. In considering the operation of mercury vapor 
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lamps, the two types should be 
kept in mind, as they relate to 
the type of service on which 
they are operated. 

The most common form 
of the mercury-vapor lamp, 
shown in Fig. 17, consists of 
three parts : a tube a, a reflec- 
tor b, and an auxiliary piece of 
apparatus at c. In its standard 
form the tube is of glass 1 inch 
in diameter and 50 inches long, 
from which the air has been 
exhausted but which contains 
a small quantity of mercury. 
The mercury is held in a bulb 
or condensing chamber d in 
one end of the tube and forms 
the negative electrode. The 
positive electrode c is a small 
cup-shaped iron anode sealed 
in the other end of the tube. 
The reflector h is a curved 
piece of steel-white porcelain, 
enameled on the under side to 
reflect the light downwards. 
Guards may be connected to 
the reflector to protect the tube 
where breakage is a hazard. 
The reflector with the tube is 
fastened mechanically to the 
frame on which the auxiliary 
is mounted. The complete 
lamp is suspended by insulated 
hangers or hooks. 

The auxiliary c contains the 
mechanism for starting and 
maintaining the arc. In the 
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earlier types of lamps the arc was started by momentarily tilting 
the tube so that the mercury flowed in a thin stream along the 
tube to the ])ositive electrode, thus completing the circuit through 
the lamp. The tilting of the tube was done originally by hand, 
but later the tilting was accomplished automatically by means 
of an electromagnet. Upon the mercury flowing back, after the 
tube was restored to its original position, the circuit was broken 
and the arc, thus created, vaporized the mercury and the 
current flow then continued through the current-conducting 
vapor. This method is now used for starting the relatively 
small high-pressure ciuartz-mercury lamps. 

38. Operating Principles.— The modern lamps are so 
improved that they start automatically without tilting. This is 
accomplished by means of a high voltage impressed between 
the mercury forming the negative electrode and a small metallic 
band that encircles the mercury chamber. This high voltage is 
secured by means of an inductance coil operating in series with 
a mercury switch, or shifter, as it is more commonly called. 
The voltage l)reaks down the negative resistance of the mercury 
cathode and the initial high resistance of the tube is reduced to 
some extent, which allows the comparatively low operating volt- 
age of the line to establish an arc between the electrodes ; once 
this has taken place, the shifter circuit is automatically held open 
as long as the arc continues in operation. 

Continuity of current flow is essential to the maintaining of 
the mercury-vapor arc. A momentary cessation of the current 
in either tyj^e of lamp, or, in the direct-current lamp, the reversal 
of direction of flow, is sufficient to extinguish the arc. It is 
essential that correct jiolarity of connections obtain, for the 
starting of the direct-current lamp with polarity reversed will 
result in the ruin of the tube. If the polarity of the generator 
supplying the current is reversed, no attempt should be made 
to ojwrate direct-current lamps until the polarity of the generator 
has been corrected or the line connections have been reversed. 
The current should not he allowed to remain on when the lam]), 
for one reason or another, will not light, as this may tend to 
impair the shifter and other parts of the auxiliary a]>paratus. 
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39. Direct-Current Lamps. — The direct-current lamp is 
more simple in its construction than the alternating-current type, 
since the mercury arc requires a unidirectional current. The 




Fig. 18 



details of the auxiliary used in a direct-current lamp together 
with the arrangement of circuits for starting and maintaining 
proper current regulation are shown in Fig. 18 (<; ). In the illus- 
tration, the starting hand at the negative terminal of the tube 
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is shown at a, the shifter at b, the shifter resistance at c, the 
inductance coil at d, the positive resistance at e, the tube con- 
taining the mercury vapor at /, and the direct-current supply 
terminals at g. A view of the auxiliary apparatus as it appears 
in its case is shown in Fig. 18 (/;). By comparing view (b) 
with view (a), the shifter, the shifter resistance, the inductance 
coil, the positive resistance, and the direct-current supply ter- 
minals can be identified. 

The direct-current lamp uses 385 watts and emits approxi- 
mately 6,250 lumens from the bare tube and the standard reflec- 




tor absorbs about 1,050 lumens. The useful light output of the 
complete lamp is, therefore, around 5,200 lumens. All of this 
light is distributed in the lower hemisphere. Additional data 
are given in Table IV. 

40. The Alternating-Current Lamp.— The appearance of 
the alternating-current lamp is practically the same as that of 
the direct-current type except that two positive electrodes are 
required. The terminals of this type are shown in Fig. 19. This 
lamp is a highly specialized form of single-phase constant-voltage 
mercury-arc rectifier and requires the addition of an autotrans- 
fornier in the auxiliary. The details of the auxiliary with a 
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wiring diagram of the connections to the various parts are shown 
in Fig. 20, which is similar to Fig. 18 (a), the only difference 
being the addition of the autotransformer a and two sections of 
positive resistance b instead of only one as in Fig. 18 (a). 

Since the mercury is vaporized by virtue of a hot spot main- 
tained at the cathode, the cathode is connected through induc- 
tance to the middle point of the secondary of an autotransformer 
while the anode is connected to the outer terminals. Therefore, 
the cathode is continuously negative, whereas the two anodes 
serve alternately to continue the current flow through the tube 




in one direction. The series inductance coil not only tends to 
steady the current flow, but serves also to continue a current 
flow even when the main arc current is passing through zero 
during the cycle. This inductance must be sufficient to main- 
tain the cathode hot spot at all times, requiring about 5.3 vohs. 
This inductance, however, reduces the power factor and should 
therefore be as small as possilile. Lamps of late construction 
have a power factor of 85 per cent. 

As shown in Table IV, the present alternating-current tube 
takes 460 watts and emits approximately 6,750 lumens. The 
complete unit with reflector delivers 5,625 lumens in the lower 
hemisphere. Alternating-current lamps are adapted to normal 
temperature conditions found in industrial plants and are not 
made for outdoor use where subject to extremely low tempera- 
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tiires. They are designed for parallel operation on either 60, 
40, or 25 cycles and on various standard line voltag-es. Each 
lamp is made for .one specific voltage range and frequency, with 
provision for adjusting for exact voltage conditions. 

1 1 1 1 1 \ 1 1 \ 1— — I 1 
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Percent qf/Zorma/ t^o/fa^e 
Fig. 21 

41. Maintenance of Lumen Output. — The light output of a 
mercury vapor lamp varies as the circuit voltage varies from 
the design voltage of the lamp. These characteristics for both 
alternating- and direct-current lamps are shown in Fig. 21. In 
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this diagram, curve a ajiplies to direct-current lamps and curve h 
to alternating-current lamps. These data show the overall effi- 
ciency of the mercury-vapor unit without reflector to be from 
14 to 16 lumens per watt, but it should be borne in mind that 
approximately one-third of the energy is consumed in the auxil- 
iary apparatus and does not contrilnite to the production of 
light. The theoretical efficiency of light production of the tube 
itself is much higher than the foregoing figures indicate. In 
considering the lumen output of the comjilete lamp, the values 
of 12 to 13 lumens per watt indicate the efficiency of the com- 
plete lamp with a reflector as used in practice. The lumen out- 
put of a mercury-vapor tu])e, like the incandescent lamp, gradu- 
ally decreases as it is burned, but the cause for this is radically 
difl^erent from the causes producing a decrease in the lumen out- 
\mt of an incandescent lani|). An incandescent lamp depreciates 
in lumen output owing to two causes which are definite func- 
tions of time and filament temperature. One cause is the evapo- 
ration of tungsten particles from the filament which deposit on 
the glass and intercept light. The other cause for depreciation 
in incandescent lamps on constant-voltage circuits is the reduced 
light output, due to the reduction in filament diameter from 
evaporation, with the attendant increase in filament resistance 
and reduced current consumption. 

Depreciation in a mercury-vapor tube is due only to the dis- 
coloration of the glass envelop. The light source, being a vapor 
arc, will always have the same intensity, since there is no wasting 
away of the light source or change in its electrical characteristics. 
The darkening of a mercury-vapor lamp tube is probably due 
to the de]50sition of small iron particles from the anode together 
with some very slight deposits of mercury, of which there is an 
excess in the negative chamber. This indicates that neither the 
life nor depreciation of a mercury-vapor lamp are such that they 
can be predetermined by design as can the same characteristics 
in a tungsten lamp, 
i The characteristic curve for depreciation in life output during 
the life of an alternating-current mercury vapor tube, which in 
practice averages about 6,000 hours, is shown in Fig. 22. Depre- 
ciation in a direct-current tube, while of the same characteristic 
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curve, is considerably less. In other words, the light output 
through life is greater in direct-current tubes than in similar 
alternating-current tubes. 

It is interesting to note, and the curve in Fig. 22 emphasizes 
the fact, that the greatest de]ireciation in a mercury vapor lamp 
takes place early in life and that after the first 2,000 hours its 
rate of depreciation is extremely slow. The average light output 
in terms of the initial light output is 77 i>er cent, for alternating- 
current tubes and 86 per cent, for direct-current tubes. Con- 
trary to this, the depreciation characteristic of a tungsten lamp 
is of a definite rate and continues throughout the life of the fila- 
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ment, the average light output throughout life for the 500- watt 
size being 88 per cent, of the initial lumens. 

42. Application of Mercury-Vapor Lamps.— Undoubtedly 
the most widely known characteristic of mercury-vapor lamps 
is the distinctive yellowish-green color of these lamps when 
viewed at a distance. In a previous paragraph dealing with the 
nature of light it was stated that certain substances when heated 
do not send out all the wavelengths within the range of which 
the eye is capable of receiving. Instead of producing all wave- 
lengths that exist in the daylight spectrum, the mercury-vapor 
lamp produces only four lines— violet, blue, green, and yellow. 
It so happens that these four lines comprise two pairs of com- 
plimentary colors. In other words, the violet and green and the 
blue and yellow happen to be in such proportion that they com- 
bine to give the characteristic color. There is a very slight 
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excess of blue m this compliment, Init owing to the fact that 
1)hie and violet fall off rapidly over distances, a mercury-vapor 
installation ajijiears yellow-green in character when viewed at 
a great distance. 

For practically all industrial processes this peculiar combina- 
tion of light from the mercury-vapor lamp is satisfactory. How- 
ever, since objects take on color by virtue of their ability to 
reflect certain colors of light, it is apparent that so-called red 
objects would not appear natural under this type of illumina- 
tion. This same condition would be true of objects in which 
red comprises any ])art of their natural color. For this reason, 
mercury-vapor light is not ordinarily used where it is essential 
to determine the natural daylight appearance of objects or mate- 
rials. 

The unnatural appearance of certain color objects under mer- 
cury-vapor light has occasioned its use in certain industries for 
sorting or matching in ])roduction departments. Because colors 
are distorted by this light, their slight ditTerences are in many 
cases amplified; thus, an operator can more quickly determine 
difl'erences than could be done under daylight or continuous spec- 
trum artificial light such as that from an incandescent or arc 
lamp, unless these latter sources are modified by means of color 
screens to iiroduce a contrast with normal white light. 

Owing to the physical dimensions of the lamp, in other words, 
the long light source, two advantages are claimed for it. First, 
the fact that the light is distrilnited over a large area, means that 
its candlepower per square inch is relatively low, being of the 
order of 14 candlepower per square inch. This compares favor- 
ably with incandescent lamp equipment which for the white-bowl 
lamp in a porcelain enameled reflector runs alrout 30 candle- 
power per square inch, whereas the standard glassteel unit has 
a brightness of about 10 candlepower ]3er square inch. At the 
usual mounting heights, these values do not introduce serious 
glare at the light source, nor reflected glare from objects viewed 
under it. A second advantage is the fact that the light source is 
so large, that it can provide cross lighting around objects and 
reduce or eliminate heavy shadows, which cannot be done as 
eflfectively with smaller and more concentrated light sources. 
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The mercury-vapor arc itself is very rich in ultra-violet light, 
that is, wavelengths shorter than can he seen hy the eye. These 
shorter wavelengths are active photochemically and also have 
certain therapeutic values, that is, the ultra-violet light is an aid 
in the treatment of certain diseases. However, in order to take 
advantage of this ultra-violet light, it is necessary to manufac- 
ture special units in fused-quartz tubes, because the ordinary 
glass tube used in the industrial units absorbs practically all of 
the ultra-violet light rays. 

The standard glass form of lamp is used to some extent in 
all forms of industry, owing to its visual efficiency and its char- 
acteristics as regards glare and shadows. It has found wide 
application in the textile field and the machine-tool industry 
and is an important factor in the automobile industry. Owing 
to the fact that the lamp reacts more quickly on photographic 
plates, it has, in the past, been used extensively in photographic 
and motion-picture studios. This application, however, can only 
be considered as a special one in view of its wide use as an 
industrial unit. The possibilities which the mercury-vapor arc 
lamp presents, both as a source of illumination and as a photo- 
chemical agent, have by no means been exhausted. Scientists 
are every day producing new facts on the value of various forms 
of radiant energy to help in the curing of diseases, and the 
development of the mercury-vapor lamp and its applications to 
many of these specific problems are likely to result. 

NEON LAMPS 

43. General Discussion. — A development of a gaseous con- 
ductor tube employing neon gas, which dates back in its intro- 
duction to about 1911, has come into some prominence for cer- 
tain special applications. Neon is a rare inert gas found in air, 
which contains about one part of neon in 66,000 jiarts of air. 
The gas is extracted as a by-product in the process of obtaining 
oxygen from the air. By api^lying a high voltage to tulies fitted 
with electrodes and containing neon gas, the electrical discharge 
through the gas causes a luminous glow. The jirinciiile of opera- 
tion is quite similar to that of the mercury-vapor lamps as 
described in previous Articles. 
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The spectral properties of neon gas are such that, unmodi- 
fied, it produces a red hght, unsuited for ordinary illumination 
])urposes but quite well adapted to novelty effects. It has gained 
wide acceptance as an illuniinant for electric signs and spectacu- 
lar displays, but in its present development is restricted to a few 
utilitarian uses where the peculiar red-colored light can be used 
to advantage. 

44. Operating Characteristics. — The usual Neon lamp con- 
sists of a section of glass tubing varying in size from 11 to 20 
millimeters in diameter. The sections vary in length from 10 to 
20 feet and when used for electrical displays are bent to form 
the desired letters or pattern. The tubing is shaped by expert 
glass workers, who fit the shape to full-size patterns laid out on 
asbestos sheets. Several standard lengths of tubing may be 
riecessary for a large size letter or pattern and considerable skill 
is exercised in executing small script letters or intricate picture 
patterns. Where portions of the tubing must be blocked oft, as 
is necessary in dotting an i. or in running between separate block 
letters, the tube is covered with black paint to block off the 
light from these parts. 

The tubes are operated from transformers with the primary 
connected to the standard 115- or 230-volt circuit with the high- 
voltage secondary operated at 6,000 to 15,000 volts, depending 
on the size of the display and other conditions of a particular 
installation. The current is small, being of the order of 18 to 
27 milliampercs. Special transformers are required for this 
service, about 150 watts transformer capacity being necessary 
for each 20 feet of tubing. A separate transformer is used for 
about 40 feet of tube. The power factor is low and varies with 
the diameter of the tul)e. For example, the 11-millimeter tube 
operates at a power factor of about 47 per cent., the 15-milli- 
meter tube at about 32 per cent., and the 20-milIimeter tubes 
at as low as 20 per cent. The tubes themselves operate equally 
well at any frequency between 25 and 60 cycles and are inter- 
changealjle, hut the transformer must be designed for a particu- 
lar frequency and cannot be used interchangeably on circuits 
of different frequency. 
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For ojjeration in districts served by direct current, it is neces- 
sary to install small motor-generator sets so that the required 
high-voltage alternating current is supplied to the tubes. 

45. Color of Neon Light. — Neon produces a characteristic 
reddish-orange glow at a fairly high efficiency, the efficiency 
being of the order of 12 to 20 lumens per watt. The reddish- 
orange glow is quite distinctive and, because of the contrast, is 
effective for electrical display even in daylight. Because of the 
general impression that red rays penetrate fog and heavy atmos- 
phere better than the other colors, the application of Neon lamps 
for signal purposes and for aviation beacons have been tried. 
While the atmosphere is somewhat selective in the transmission 
of light of various wavelengths, increasing its selectivity for 
the longer wavelengths, tests by the Bureau of Standards showed 
that white-light beacons afford greater visibility under adverse 
weather than did colored-light beacons. High candlepower 
seems to be the important factor in the penetration of fog. For 
electrical advertising signs and displays, other colors than red- 
dish-orange are very desirable. By the addition of slight 
amounts of mercury a light-blue color is obtained. This color, 
however, is not stable because, at temperatures lower than 40° F., 
the mercury condenses in the tube and in cold weather this 
characteristic is very noticeable. By using other gases such as 
helium or argon in conjunction with neon, or by using colored 
glass for the tubing, a great many colors are obtained, usually 
however, at some sacrifice in luminous efficiency. 

The method of producing various colored lights in connection 
with the so-called Neon tubes is as follows : 

Red light — neon gas alone. 

Blue light — neon gas with the addition of a few drops of 
mercury. 

Green light — neon and mercury in amber glass tubing. 
Yellow light — helium gas in yellow glass tubing. 
Tan light — helium gas in clear glass tubing. 
Lavender light — argon gas in clear glass tubing. 
Various tints can be obtained by the choice of colored tubing 
with varying concentration of color. 
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While these gaseous conductor tubes have found widespread 
use in electrical display advertising, they have great possibilities 
for application in many other fields. The further development 
of the theory of electric discharges in vacuum, as well as in the 
rare gases, is likely to produce far-reaching results in the prac- 
tical application of illuminants of this character. 

COMBINATION OF A LIGHT SOURCE AND A SOURCE 
OF RADIANT ENERGY FOR HEALTH 

46. It is not the purpose in this paper to describe the vari- 
ous possible types of health-aiding electric lamps and to give 
details regarding them. However, electric lamps acting as a 
combination source of light and of 
health-giving radiation may become 
common, hence some reference is made 
to such a type of lamp. 

The lamp to be briefly described is 
illustrated in Fig. 23. The source of 
light and health-giving energy is a sim- 
ple combination of a tungsten filament a 
and a mercury arc between tungsten 
electrodes h and c, all of which are 
shown in the illustration. In the lamp 
shown, the V-shaped tungsten fila- 
ment a, hangs downwards from the 
support, and lielow this filament is a 
small pool of mercury, not indicated in 
the illustration. When the lamp circuit 
is first completed and current flows 
through the filament, some of the mer- 
cury in the pool below the filament is 
vaporized and almost instantly an arc 
is formed across the s])ace between the 
electrodes. 

The mercury arc is deficient in red rays, which are essential 
for a good illuminant, but is rich in the shorter wavelengths of 
blue and violet light as well as the still shorter wavelengths 
known as the ultra-violet region. By combining with the mer- 
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cury arc a tungsten-filament lanij) which emits a continuous spec- 
trum containing red rays and other rays necessary to fill the 
gaps .of the spectrum from the mercury arc, a quality of light 
is obtained which can be used as an illuniinant, as well as a 
source of radiation for health-giving, ultra-violet rays. It has 
been known for a long time that the mercury arc emits ultra- 
violet rays of a considerable range beyond the visible spectrum. 
By using a specially selected glass l)ulb that transmits some of 
these ultra-violet rays and absorbs others, it is ])ossil)le to pro- 
duce a lamp that duplicates the radiation of midsuniimer sunlight. 
By so doing it is possiljle to incor])orate in an artificial light, 
sources of the health-giving pro])erties of natural sunlight. 

The lamp descril)ed is designed for o])erating on a low volt- 
age supplied by a transformer that operates from ordinary 115- 
volt alternating-ciu'rent circuits. 

The first commercial equipment using this new lamp has the 
following design features: The transformer characteristics are 
such that about 35 volts is su])])lied to the filament when the lamp 
is first turned on. The heat from this lighted filament va])orizes 
the mercury in the bulb. This mercury vapor forms a conduct- 
ing ])ath between the two tungsten electrodes and an arc is estab- 
lished. Owing to the inductance of the transformer, the added 
current of the arc reduces the voltage at the arc terminals to 
about 11 volts with a current of ap])roximately 30 amperes 
through the arc and filament in ])arallel. (Jbviously, a great 
many variations or modifications in design are possible. 
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INTRODUCTION 

LIGHT AND SIGHT 

1. Light is essential to vision. The sense of sight, through 
which is acquired most of our knowledge and on which most 
of our activities depend, is the only sense that requires some 
outside agency in order to function. Tasting, smeUing, feel- 
ing or heating requires only that there be something to taste, 
smell, feel or hear; but though there are always objects to see, 
if there is no light our sense of sight becomes useless. Sight, 
therefore, the most important of all the senses, is like a door 
opened only with the magic key of light. This key is graci- 
ously provided during part of the time by the sun, but at 
night the key must be provided by artificial light. This is 
more than a matter of interest, because it accounts in a mea- 
sure for the rapid progress of civilization since the invention 
of the electric lamp. Here was a new artificial light, conveni- 
ent, and in an abundance such as the world had never known. 

THE PROCESS OF SEEING 

2. In the process of seeing, the eye is not unlike a camera 
in its operation. The light passes through the cornea, pupil, 
and lens of the eye to the retina, just as in a camera the light 
passes through a lens to the sensitized film. The eye has the 
iris similar to the diaphragm of a camera, the opening of which 
regulates the amount of light entering. The visual impres- 
sion is received on the retina, which is a sensitive surface 
composed of nerve fibers connected to the brain through the 
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optic nerve. The lens of the eye differs in principle from the 
camera lens, only in that it changes its shape automatically 
to focus, or to make a clear image on the retina, and thus 
makes possible seeing at different distances. This focusing 
action is called accommodation. 

3. When the light is dim, the focusing muscle vainly tries 
to focus for a clear picture and soon tires, and perhaps the 
result is a headache or general irritableness. As in taking a 
picture with a camera, the more light the quicker and clearer 
the picture, so, too, the eye sees more clearly and quickly as 
the illumination is increased. It is a matter of common 
experience that one cannot take a good clear photograph with 
the lens of the camera pointed at the Hght source; this would 
result in a general haze and blurring of the picture. Similarly, 
the eye should be shielded from brilliant light sources, which 
only cause the iris to contract in its endeavor to protect the 
eye from excessive brightness that might hurt the retina. 
In so doing, the iris reduces the amount of light entering 
the eye from objects to be seen; consequently a bright Hght 
within the field of view actuaUy hinders vision. Place an 
unshaded lamp in front of a picture on the wall and then stand 
off a few feet and note how much of the picture is seen clearly. 
Then shield this lamp trom the eye by holding a book or paper 
at arms length so as just to block out the bright light, and 
note how much more clearly the details of the picture can be 
seen. Lamps improperly placed, may be a hindrance rather 
than a help in seeing. An example in aggravated form, of the 
interference with vision from this same cause, is that commonly 
encountered at night by glaring headlights of passing cars. 

4. The retina of the eye differs from the ordinary film of 
a camera in that it is able to register colors in their true 
values. Some progress in this direction, however, has been 
made in photographic plates that allow the taking of colored 
pictures. Look at a building upon which the sun is shining. 
Through the agency of light, its shape, form, size, and the 
color of its parts can be distinguished. The sun is pouring 
upon it a myriad of energy waves including the light waves, 
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which range in length from .000040 to .000076 centimeters. 
Instead of stopping or absorbing all the rays, each individual 
part of the building reflects and scatters a portion of the rays 
falling on it and absorbs the rest. As a result of this scatter- 
ing, some light from all parts of the building in the field of 
view falls upon the eye; furthermore, the parts of the building 
all appear in their characteristic colors. The bricks, for 
example, appear yellow because in general they absorb 
relatively few of the rays of wave lengths which are capable of 
giving the impression of yellow. The eye in turn conveys 
the message to the brain that the bricks are yellow. In the 
same way, the brown mortar absorbs most rays except a 
particular combination of waves that make up the color brown ; 
and when these are reflected to the eye they convey the impres- 
sion that the mortar is brown. If there are any parts of the 
building that absorb practically all of the sun's light that falls 
on them, with the result that no visual impression is made, 
those parts are called black. The white portions of the build- 
ing reflect nearly all the light that falls upon them, equally 
for all wavelengths, and it is for this reason that portions 
appear white. The shape and form of the building and its 
parts are made evident by the varying amounts of light falling 
on the different surfaces and the percentage of this light which 
they reflect toward the eye. Pillars appear round only because 
the eye has become accustomed to recognize certain gradua- 
tions of light and shade as being characteristic of round objects. 
Likewise, recesses in the wall are recognized as such, because 
the parts that are in shadow do not receive as much light from 
the sun and therefore reflect correspondingly less to the eye. 

5. Also, the amount of light available, determines to a 
great extent, how much of an object or view is seen and how 
readily it is seen. For example, when examining the works 
of a watch, a person naturally moves over to a window to get 
the maximum illumination. Likewise, in playing tennis in 
the late afternoon, the ball may be clearly visible when held 
in the opponent's hand, but the light may be entirely inade- 
quate to see the ball when in motion. 
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The process of seeing is a highly compHcated one which 
the eyes are performing constantly. It is particularly impor- 
tant to remember that, in both natural lighting and in arti- 
ficial illumination, an object is seen not as a result of the 
light that travels direct from the light source to the eye, but 
only as a result of the light that travels first from the source 
to the object looked at and thence to the eye. Light is the 
cause, illumination is the efl'ect, and the problem, in designing 
a lighting system or lighting equipment, is to control light in 
such a manner as to obtain illumination of proper quality and 
quantity so as to avoid causing eye discomfort or strain. 

DEFINITION OF TERMS 

6. Candlepower. — In practical illumination work there 
are three units of measurement most commonly encountered 
that bear a distinct relation to each other, and to avoid 
confusion of terms, these relations should be understood. 
The first unit to be discussed is the candlepower. 

A wax candle, made to certain specifications and burned 
under prescribed conditions, furnishes the basic standard 
for unit of light intensity. This unit was established years 
ago when the candle was the most common illuminant, and 
it was only natural that, as new light sources began to super- 
sede the candle, comparisons of apparent illuminating power 
would be made with the candle which was in common use. 
For example, lamps that appeared to give as much light as 
fifteen candles were rated as 15-candlepower lamps. 

7. Candlepower represents the strength of a light source 
in one direction only, and gives, therefore, no direct measure 
of the actual amount of light produced by the lamp. If, 
however, the candlepower measurements are made in every 
direction around a light source, the average of the results 
obtained is the mean spherical candlepower. Mean spherical 
candlepower can be definitely interpreted in terms of total 
volume of light emitted. An automobile headlight, for 
example, may produce a beam of 100,000 candlepower in one 
direction, from a lamp of less than 20 watts; a 1,000-watt 
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lamp, on the other hand, without reflecting equipment of any 
kind, gives a maximum of about 2,100 candlepo¥/er in one 
direction. However, the Hght output and, therefore, the 
actual, iluminating power of the 1,000-watt lamp is 100 times 
as great as the lamp that produces the 100,000 candlepower in 
the automobile headlight. Candlepower values are of little 
use in modern illumination calculations, and are not of par- 
ticular importance except as a method of comparing the 
intensity of light in a given direction from different equip- 
ments. In searchlight and floodlight work, the performance 
of equipment is usually compared on the basis of candle- 
power intensity of the beam. 

8. Lumen. — The second common unit of measurement is 
the lumen. Assume that a source of light is giving one candle 
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in every direction, and that this source is placed at the center 
of a sphere painted black on the inside and having a radius 
of 1 foot, as shown in Fig. 1. An opening OR, in the sphere 
is shown, through which some of the light may escape. The 
quantity of light allowed to escape may be varied by varying 
the size of the opening, the candlepower of the source and 
the radius of the sphere remaining fixed. If some definite 
size of opening at OR is assumed, a definite quantity of light, 
which may be used as a unit for measuring quantity, will 
result. The simplest area or unit to assume for the opening 
OR is 1 square foot, which may be represented by OPQR in 
Fig. 1 (6), and it has been established that the amount of 
light escaping from an opening of that size shall be considered 
the unit of quantity and be called the lumen. Thus a per- 
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manent unit for the measurement of the quantity of light 
has been estabHshed. 

If the area of OR is doubled, the light escaping will be 
2 lumens; if the area of OR is made J square foot, the light 
escaping will amount to J lumen. On the other hand, if 
there is a source of 2 candles, 2 lumens will be emitted through 
an opening of 1 square foot in this particular sphere. Since 
the total surface of a sphere having a radius of 1 foot is 12.57 
square feet,* if the sphere were removed entirely, there would 
be the eciuivalent of 12.57 openings the size of OR; that is, 
if the candle gives 1 candlepower in every direction, with the 
sphere removed it would give 12.57 lumens. This means that 
if the mean spherical candlepower of a lamp is known, multi- 
plying this value by 12.57 gives the number of lumens emitted 
by the lamp. A value of 12.5 is sufficiently accurate for most 
practical purposes, and is a convenient figure; since 100 
divided by 8 = 12.5, therefore dividing the mean spherical 
candlepower by 8 and multiplying by 100, gives the lumen out- 
put directly. 

A lumen may also be defined as being equivalent to the 
quantity of light intercepted by a surface of 1 square foot, 
every point of which is at a distance of 1 foot from a source 
of 1 candle. 

9. While the foregoing definitions establish the quantity of 
light used as the basic unit, it must be remembered that 
a lumen, in order to be a lumen, need not necessarily conform 
with these specifications if the quantity of light represented 
is equivalent to that prescribed by the definition. A bushel 
might be defined as the quantity of any commodity contained 
in a cylindrical measure having a diameter of I85 inches and 
a height of 8 inches; however, a bushel of potatoes spread out 
in the field is just as much a bushel as though the shape of the 
pile conformed in every respect to the dimensions mentioned. 

All incandescent lamps for general illumination are rated 
as to lumen output. 

*The surface of a sphere is equal to the radius squared, multiplied by 
4x3.1416. 



ILLUMINATION PRINCIPLES 



7 



10. Foot-Candle. — The third common unit of measure- 
ment is the foot-candle. Light is the cause, and illumination 
the effect or result. The candle is used to measure the cause, 
and this unit applies only to the light source itself and not to 
the point where the Hght is utiHzed. The unit of measure- 
ment of illumination most commonly used in this country 
is the foot-candle. A foot-candle represents a degree of 
illumination equal to that produced upon a surface at a point 
that is 1 foot distant from a source of 1 candle, the surface 
being perpendicular to the light rays at that point. In 
Fig. 2, if the source S gives an intensity of 1 candle along the 
line 5^, and if the point A is 1 foot distant from the source, 
the illumination on the plane CD at the point A is 1 foot- 
candle. The illumination, measured in foot-candles, is the 
unit of measurement most intimately associated with every- 
day use of light. It is a d 
measurement that the eye ^^j/^ X 
either consciously or uncon- -^^X^^ f 
sciously is making whenever 
vision is being employed, for 
the number of foot-candles on 
the desk top or other surface 
looked at determines directly 
whether or not there is sufficient light. A working idea of a 
foot-candle of illumination can be obtained by noting the 
intensity on a newspaper being read by the light of a candle, 
the paper being held approximately one foot from the candle. 
The foot-candle is a unit applying to a point on a surface; 
by averaging the foot-candles at a number of points on a plane, 
the average illumination on that plane can be obtained. 

11. Care should be taken to avoid confusing the degree of 
illumination on a surface with the brightness of the surface. 
A gray surface receiving Ught of an intensity equal to one 
foot-candle will not appear as bright as a white one under 
the same illumination, for more Hght is reflected back to the 
eye from the white surface. Other things being equal, the 
brightness of an object depends not only on the foot-candles 
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of illumination on it but also on the percentage of light that 
it reflects. 

The degree of illumination on a surface depends on the 
strength of the source of light and the distance from the 
source to the surface. It is obvious that, if in Fig. 2, instead 
of an intensity of 1 candle along the line SA, an intensity of 
2 candles were produced, the illumination at A would be 
twice as great, and that if there were an intensity of 5 candles, 
the illumination at A would be five times as great. Now if 
the source is 1 candle, as shown in Fig. 3, the illumination on 
the plane A, which is 1 foot distant, is 1 foot-candle. If the 
plane A is removed, this same amount of light passes to the 
plane B, 2 feet away, and here it covers four times the area of A . 




Fig. 3 



Inasmuch as the light spreads in straight lines and none of it 
is lost, the average intensity on plane B 2 feet away is one- 
fourth as great as that on A, 1 foot away, or is one-fourth of a 
foot-candle. In the same way, if plane B also is removed and 
the same beam is allowed to fall upon plane C, 3 feet away 
from the source, it will be spread over an area nine time as 
great as plane A. At a distance of 5 feet, the illumination 
would be only one twenty-fifth of a foot-candle. The illumi- 
nation falls off not in proportion to the distance, but in pro- 
portion to the square of the distance. In general, the illumina- 
tion produced by a single source can be obtained by dividing 
the candlepower by the square of the distance between the 
source of light and the object. This relation is commonly 
known as the inverse-square law or the law of inverse squares. 
When the light source is a tube, for, example, the law of 
inverse squares is not strictly true. 
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12. In Fig. 2, surface A is illuminated to 1 foot-candle. 
If 1 lumen is so utilized that all of its light is spread over a 
surface of 1 square foot, that surface will be lighted to an 
average level of 1 foot-candle. This relation greatly simplifies 
the designing of a lighting installation; for, once the number 
of square feet to be lighted and the degree of illumination 
required are known, it is a simple matter to find how many 
lumens must fall on the working plane. If, for example, it is 
desired to illuminate a surface of 100 square feet to an average 
illumination of 15 foot-candles, 1,500 lumens must be projected 
fairly evenly on the surface. 

, , „ lumens 
ioot-candles = 



area (sq. ft.) 
lumens required = foot-candles X area in sq. ft. 



LIGHT MEASUREMENT AND LIGHT REFLECTION 

MEASURING APPARATUS USED AND RESULTS OBTAINED 

13. Photometers and Their Operation.— Instruments used 
in measuring candlepower and lumens, and in determining 
foot-candle measurements are called photometers. The 
principle involved is much the same in all photometers, 
although the forms of the instruments used vary widely. 
The principle of the photometer is illustrated in an elementary 
way in Fig. 4. This shows a vertical paper screen C, between 
light sources A and B which are to be compared. At the 
center of the screen is a grease spot that allows hght to pass 
through. When the illumination on one side of the screen 
is greater than that on the other, the spot will, on this side, 
appear darker and on the other side, lighter than the sur- 
rounding paper. By sliding the screen back and forth on the 
bar, a position can be found where the outlines of the spot 
will vanish and the spot itself will disappear; then the 
illumination on both sides of the screen is the same. 

14. In order that both sides of a photometer screen may 
be seen simultaneously, mirrors are mounted obliquely behind 
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the screen as in Fig. 5 (d) , to facilitate comparison. Views (a) 
(6) and (c) show the appearance of the mirrors under dif- 
ferent conditions of lighting. In view (a) the spot as viewed 
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Fig. 4 



in the right-hand mirror is lighter than its surroundmgs, 
which indicates that the left-hand side of the screen is illumi- 
nated to a higher degree than the right. In view ib) the 
conditions are reversed, indicating that the illumination on 
the right side of the screen is greater than that on the left. 
Somewhere between these two positions, is a position at 
which the spot will cease to be visible, as shown in view (c). 
This indicates that the illumination on both sides of the screen 
is the same. Since there is a relation between the amounts of 
illumination produced by the two lamps being compared, the 




relation between the candlepowers given, respectively, by 
lamps X and y, may be determined. Assume that when the 
grease spot on the screen ceases to be visible, corresponding to 
view (c), lamp ;e at a distance of 60 inches from the screen 
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produces an illumination equal to that which the lamp y 
produces at a distance of 40 inches. At first thought it might 
seem that lamp x must be | times the candlepower of lamp y, 
but as the illumination varies inversely as the square of the 
distance, the ratio of the candle- 
power of X to that of y is as 3- to 2", 
or 9 to 4. The general rule, then, 
is that the candlepowers of two 
lamps on a photometer are to each 
other as the squares of the distances 
from each to the screen. For 
accurate photometry, the grease- 
spot screen is no longer in use, but 
modern photometers are the same 
in principle. 




Fig. 6 

15. The Dibdin Photometer.— The Dibdin photometer, 
Fig. 6, is used principally for obtaining candlepower curves of 
modern lighting equipment. The light from a comparison 
lamp a passes through the bafifles h, the ihumination on the 
comparison screen being varied by moving the comparison 
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lamp. The control is Indicated at c. The lighting unit to be 
measured is mounted at d, and is revolved by the mechanism 
at e. An operator at / regulates the position of the lighting 
unit; another operator balances at g the standard source 
against the light from the unit coming through the baffles at h. 
From the readings obtained at 10-degree intervals, the mean 




Fig. 7 

candlepowers for different zones are obtained, and from these 
the total light output and the efficiency of the unit may be 
computed. 

16. Sphere Photometers and Their Operation.— Sphere 
photometers are constructed on the same principle as already 
described, and illustrated in Fig. 5. All photometers are 
provided with voltmeters and ammeters to ascertain with 
exactness the voltage and current at which both the standard 
comparison lamp and the lamp to be tested are operating. 
Rheostats are also provided to regulate and adjust the voltage 
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and current to correspond to the design characteristics of 
the lamp. 

A form of sphere photometer, known as the Ulbricht 
Sphere, is shown in Fig. 7. In this photometer the lamp to 
be measured is placed at the center of the sphere (generally 
large in diameter), whose inner surface is painted fiat white. 
In this sphere is a small window of milk glass, and this window 
is shielded from the direct rays of the lamp by a small opaque 
screen. The candlepower of the light emitted by the window 
is compared with a standard comparison lamp of known candle- 
power. The candlepower of the light from the window is 
directly proportional to the mean spherical candlepower or 
the total lumen output of the lamp in the sphere, so that 
multiplying this candlepower by a constant factor determined 
for this particular sphere, gives the total output directly. 
Thus at one reading the mean spherical candlepower or total 
lumen output of the lamp can be determined. 

17. After preliminary settings are made, the lamp to be 
tested is inserted in the socket and moved into the center 
of the sphere; then the door is closed. The operator then 
sights through the eyepiece at a, Fig. 7, which by means of 
mirrors or prisms allows both sides of the screen to be 
seen at once and the illumination compared. By turning 
the wheel b, the operator can vary the distance of the com- 
parison lamp c from the screen and thereby secure a balance. 
When this balance is secured, the operator notes this distance 
on a tape, which may be calibrated to read directly in candle- 
power or lumens. 

The accuracy of photometer readings is largely a matter 
of practice and integrity of the operator's eyesight in deter- 
mining a balance. Before taking readings, operators are 
required to check their vision by obtaining correct settings 
by check tests on two standard lamps. 

A modern development in spherical photometers is their 
adaptation to the use of the photo-electric cell. The 
photo-electric cell is minutely sensitive to variations in 
intensity of light falhng on it, the variations being recorded by 
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the emission of electrons or the flow of current. By proper 
construction of the cell, the electron emission is proportional 
to the light. By measuring this flow of current from the 
photo-electric ceU with a galvanometer and by the apphcation 
of proper constants for the system, direct readings in lumen 
output of lamps can be made. 

18. Interpreting the Results Obtained by Measurements. 

Table I, shows the results of a test made with a photometer, 
such as shown in Fig. 6, on a 100-watt lamp equipped with a 
metal reflector over the lamp. In this tabulation, 0 (zero) 
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degrees refers to the reading taken directly beneath the lamp. 
The candlepower in this direction was found to be 142. Like- 
wise 90 degrees represents a measurement taken at the hori- 
zontal; due to the type of reflector chosen the candlepower 
at this and higher angles was zero. 

The same data are illustrated approximately in Fig. 8, in 
which the intensity of illumination at different angles is 
indicated by the intersection of the curve with the circular 
hnes representing candlepower. For example, the curve cuts 
the 0-degree line at 142, passes through the 35-degree line at 
183 and cuts the 65-degree line at 108, etc. This diagram, 
Fig. 8, is commonly known as a distribution curve. 

The area of a distribution curve is not a criterion of the total 
light output of a source of ihumination. The two curves of 
Fig. 9 apply to two units that give exactly the same total 
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lumens of light. A common error in the use of distribution 
curves is to assume that simply taking the arithmetical 
average of the candlepowers at different angles, as shown 



TABLE I 
PHOTOMETER TEST 



Angle 




Angle 


Candlepower 


Degrees 


Candlepower 


Degrees 


0 


142.0 


55 


165.0 


5 


14S.0 


65 


108.0 


15 


161.0 


75 


44.1 


25 


178.0 


85 


5.1 


35 


183.0 


90 




45 


181.0 







on the distribution curve, will give the mean spherical candle- 
power of the unit represented. To make the true relation 
more clear, assume that two men agree to paint the dome of a 
building in a series of 10-degree horizontal stripes, or zones, 
and they decide to paint the same number of stripes each. 
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Fig. 10 



If one started at the top, the other at the bottom, it may be 
seen by Fig. 10, that the amount of work per zone done by the 
man near the 180-degree line would be considerably less than 
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that done by the man at 90 degrees. Similarly, a high 
candlepower in a zone near the vertical means many less 
lumens than in a zone near the horizontal. 

19. Foot-Candle Measurements. — It has been explained 
that in measuring the strength of light sources the illumination 
on opposite sides of a screen is balanced. In practical light- 
ing work, however, the important feature is not the candle- 
power of the individual sources that supply the illumination, 
but the illumination itself, that is, the amount of light measured 
in foot-candles that is being provided to any given area. If 
calculations are made, directly in foot-candles, of the dif- 
ferent intensities to which one side of the screen of a photo- 
meter is illuminated when the distance between the screen and 
the standard lamp is varied, and then the screen is placed so 
that the illumination to be measured falls upon the opposite 
side of the screen, the balance of the photometer will give a 
measurement of the illumination in foot-candles. The photo- 
meters used for measuring candlepower and those used for 
measuring foot-candles differ chiefly in form and calibration. 

20. Illumination Meters. — A number of good portable 
and semi-portable instruments are now available for use in 
measuring the illumination in foot-candles, of any given area. 
The one in most common use is called the foot-candle meter. 
It is simple to operate, and is so light and small that it can be 
carried about easily and used in very restricted places. In 
operation, the foot-candle meter is placed upon or adjacent to 
the surface on which a measurement of the foot-candle level 
of light is desired, the voltmeter needle is brought to position, 
and the reading taken. A foot-candle meter as it appears 
when in use is shown in Fig. 11 (a), where the screen and scale 
are indicated at a, the rheostat knob at b, and the voltmeter 
at c. In view (6) are shown the small flashlight batteries d 
that supply the current for the small incandescent lamp e, 
which, with the reflector /, is placed at one end of the light 
box. The light from the lamp passes through a blue-glass 
screen g and illuminates the translucent spots, shown at 1.2. 
2, 3, etc. on the screen. Fig. 11 (a), brightly at one end, and 
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gradually decreasing in brightness to the other end. The 
rheostat is indicated at h, and the voltmeter, as before, at c, 
Fig. 11(6). 

21. The illumination to be measured is assumed to be 
practically uniform over the entire scale. If the illumination 
to be measured falls within the limits of the meter, 1.2 to 50 
foot-candles, Fig. 11 (a), the spots will appear bright at one 
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Fig. 11 



end of the scale and dark at the other. At the point where 
the spots are neither brighter nor darker than the paper scale, 
that is, where the spots seems to fade into the scale, the illumi- 
nation from without and within is equal, and the foot-candles 
of illumination can be read directly. The scale is calibrated 
with the lamp within the box burning at a certain definite 
voltage; a voltmeter and rheostat enables the operator to 
obtain this voltage for each reading. One-hundredth, one- 
tenth and double scale are provided on the voltmeter. Models 
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of foot-candle meters have been developed with maximum 
capacities of 25, 40, and 50 foot-candles respectively. 

The foot-candle meter is very serviceable for checking-up 
an installation to insure, for example, that the illumination is 
correct when the Hghting equipment is first installed, and to 
see that it is not allowed to fall below a reasonable value 
because of improper care and attention to maintenance. 
There are other types of portable photometers, such as the 
Macbeth lUuminometer, which is considerably more accurate 
than the foot-candle meter, though more comphcated in its 
operation and costly in its construction. 

REFLECTORS AND REFLECTING SURFACES 
GENERAL DATA 

22. Necessity for Reflectors. — There are very few applica- 
tion where the raw Hght from a lamp can be used economically 
or effectively. The light from a bare lamp goes out in all 
directions, and the source is much brighter than the eye can 
view with comfort. For that reason, lamps should always be 
used in reflecting or diffusing equipment of some sort, that 
not only will shield the eye from the great brightness, but 
also direct the light more efficiently to the surfaces and objects 
to be seen. Some applications, such as motion-picture pro- 
jection, fioodUghting, and automobile headlighting, require 
an extremely accurate control of light in order to fulfill the 
purpose. 

The control of light involves an understanding of certain 
principles of light itself, as well as the characteristics of various 
materials that are employed. All substances are either trans- 
parent, translucent, or opaque. Transparent substances are 
those like window glass or clear quartz, through which light 
passes with little interference. Transcluent substances, such 
as thin paper or frosted glass, allow Hght to pass through 
diffusely, so that objects cannot be seen clearly through them. 
Opaque substances, like wood or metal, transmit no Hght, 
but either absorb or reflect the light which strikes their sur- 
faces. 
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23. Terms Relating to Light. — A ray of light will travel 
along a straight line indefinitely until it is modified or redirected 
by some agency. Light may be absorbed, refracted, reflected 
or diffused, according to the nature of the material or charac- 
ter of the surface that it strikes. When, upon contact with 
materials, part or all of the hght is converted into heat and is 
no longer effective as far as vision is concerned, it is said to be 
absorbed, and the process is called absorption. Refraction 
is the bending of a ray of light due to its passing from one 
transparent medium to another. The amount of bending of 
the light beam depends on the density of the substances and 
is stated in relative terms as the index of refraction. A ray 
of light falling on a mirror or other reflecting surface is called 
an incident ray, and the angle at which it strikes the surface 
is called the angle of incidence. The angle at which the ray 
is reflected from the surface is the angle of reflection. Reflec- 
tion is the redirecting of light by a surface such as a mirror 
or other surface. Diffusion is the scattering of light rays in 
all directions. By employing mirrors or polished surfaces, 
glass prisms and lenses, frosted and milk-white glass, or 
enameled and painted metal, it is possible to design equipment 
for controlling the light from a lamp to secure results suited 
to the application at hand. 

24. Comparison of Reflecting Surfaces. — To give an 
idea of the characteristics of various reflecting surfaces that 
are used in the design of lighting reflectors and projection 
equipment, and to show their application and the degree of 
control of light, the various reflecting media will be briefly 
discussed. Table II gives a summary of the characteristics 
of various materials, and shows the relative percentage of 
light that is reflected by the substances, the percentage 
transmitted in the case of transparent or transcluent materials, 
and the amount absorbed by the different materials. It 
will be noted that magnesium carbonate, which is a white 
chalky substance, reflects the highest percentage of hght of 
any known material. However, in practice, no way has yet 
been devised to take advantage of this extremely efficient 
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reflecting material. It is also shown that black paint reflects 
the least light as a black painted surface absorbs 95 to 97 
per cent, of the hght that strikes it. Other colors, blue, green, 
red, orange, etc., absorb from 20 to 90 per cent., the amount of 
absorption depending on the color of the surface, and on the 
color quality of the light source itself. 

TYPES OF REFLECTORS AND KIND OF SURFACES 

25. Polished-Metal Reflectors. — The well-known fact that 
a schoolboy, by means of a pocket mirror or piece of polished 
metal, can redirect a beam of sunhght that comes in at the 
window with remarkable accuracy to any place in the room, 
shows that the general principle involved in mirrored or 
poHshed-metal reflectors is 
simple. Though all polished- 
metal surfaces reflect light in the 
manner described, they do not 
reflect it in like amounts. For 
instance, if two beams of 100 
lumens each, fall respectively on 
a polished-silver surface and on a 
polished-aluminum surface, the 
silver will reflect a little less 
than 92 lumens and the alumi- 
num about 62 lumens. In other 
words, the silver surface will absorb only 8 to 10 per cent, of 
the light, while the aluminum surface will absorb about 35 to 
40 per cent. All of the light falling on an opaque surface is 
reflected or absorbed by that surface. 

Polished-metal reflectors are used most extensively in 
equipment where they can be tightly covered to keep out dust, 
dirt, and tarnishing agencies, such as in headUghts, spotlights, 
stopUghts, etc., in automotive Hghting equipment. 

26. Chromium-plated reflectors have a number of char- 
acteristics that make them desirable for commercial use. 
They may be finished dull or bright; they have a high, weh- 
maintained reflection factor of about 65 per cent, and they 
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are not subject to tarnishing. An exterior view of a type of 
metal reflector, having a polished-metal reflecting surface on 




Fig. 13 



the inside is shown in Fig. 12. To obtain a desired distribu- 
tion from a polished-metal or a mirrored surface, it is neces- 
sary that the contour of the reflector at each point be such, 
that it makes ecjual angles with the incident ray at that point 




(P) 

Fig. 14 



and the desired direction of light. For example, where parallel 
rays of light are desired, as in the case of automobile headlights, 
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the cross-section of the reflector will have to be curved so 
that each of the elements, or infinitesimal planes, of the curve 
will reflect light as a plane surface, in the desired direction. 
The resulting curve is the shape of a parabola as in Fig. 13. 
For accurate control of the light, the Hght source must be 
concentrated in as small an area as possible and accurately 




Fig. 15 



positioned with respect to the reflector. The effect of chang- 
ing the position of the lamp sHghtly, first back and then 
ahead of the focal point, which can be easily demonstrated by 
turning the forcusing screw on the back of an automobile 
headlight, is seen in Fig. 14 (o) and (6) respectively. Mirrored 
surfaces can be modified to give any desired beam pattern. 
An example of this is the case of the automobile headhght 
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reflector, Fig. 15 (a), which produces the beam pattern 
shown in view (h) . 

27. Mirrored Glass. — Similar to the reflection character- 
istics of pohshed metal are those of mirrored glass. The 
path of a ray of light striking the surface of a commercial 
type of mirror with silvering on the back of the glass is shown 




('') 
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in Fig. 16, view (a) showing the appearance of a reflected ray, 
and view (6) being a diagram showing the paths of the dif- 
ferent reflections. A small part of the light is at once reflected 
by the polished surface of the glass, without passing through 
to the silvered backing; the remainder passes through the glass 
to the silver, from which it is reflected through the glass again 
and out along a line parallel to the ray reflected from the glass 
surface. As shown in view (b), the front of the glass reflects 
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part of this latter ray back to the silvered surface, from which 
it is again thrown forward as indicated by the lower arrow. 
The fact that most of the light has to pass through the glass, 
both to and from the reflecting surface, makes the silvered 
mirror, from a laboratory standpoint, a less efficient reflecting 
surface than the polished silver itself. For instance, if 100 
lumens strike a mirror, the reflections and absorptions are 
of the following order of magnitude; 10 are reflected by the 
exposed surface of the glass, 10 are lost by being absorbed by 
the silvered surface, 5 are absorbed by the glass, and about 
75 lumens are reflected by the silvered surface, making a total 
output of 85 lumens. The loss in the glass depends on the 
quality of the glass. The deterioration of a polished-metal 
reflecting surface in service is, however, a factor that often 
more than offsets its higher initial efficiency. 

28. A reflector of hemispherical shape placed above a lamp, 
with the center of the reflector coinciding with the light source, 
will not concentrate the light at all, but will nearly double the 
candlepower at each angle in the lower hemisphere, since 
each ray that strikes the reflector is reflected back along 
the same line, through the source and into the lov/er hemi- 
sphere. Mirrored reflectors have the disadvantage that they 
usually throw brilliant images of the filament, called striations, 
on the surfaces illuminated. In practice, these striations are 
often eliminated by fluting the reflector or frosting the lamp, 
with, however, some loss in the control of the light. In flood- 
lights, show-window reflectors, and motion-picture projection 
machines, and in lighting equipment of the totally indirect 
type, much use is made of mirrored glass for the reflecting 
surface. An example of a mirrored glass reflector is shown in 
Fig. 17. 

29. Dull - Finished Metal Reflecting Surfaces. — An 

unpolished metallic reflector can be considered as one that 
has many small polished surfaces making innumerable slight 
angles with the contour. A velvet-finish nickel surface 
or one coated with aluminum paint affords a good example. 
When a shaft of light strikes such a surface, the individual rays 
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are reflected at slightly different angles, but all in the same 
general direction. This is known as spread reflection. The 
spread of the reflected beam is dependent on the degree of 
smoothness of the surface; the smoother the surface, the 
narrower the angle. When the reflecting surface is viewed 
along the line ba, Fig. 18, no distinct image of the light source, 
but only a bright spot of light, is visible. Dull-finish reflec- 
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tors redirect the light with less concentration than polished 
reflectors, but at the same time, streaks and striations are 
largely eliminated. The greatest objection to the use of this 
type of surface for lighting reflectors, lies in the fact that 
they collect dust and dirt quickly and are therefore difficult to 
keep clean. The more common materials for this type of 
reflector are spun aluminum and aluminum-finish metal, and 
because of their light weight and low cost they are much 
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used for spotlights, floodlights, desk lamps, etc. The spread- 
reflection characteristic is made use of in the aluminum- 
painted screen used in the majority of motion-picture theaters. 




Fig. 18 



30. Rough- or Mat-Finish Reflecting Surfaces.— If a 

surface is so rough that it has absolutely no sheen, a beam 
of light striking it will be reflected in all directions as shown 
in Fig. 19. A piece of blotting paper, for example, when 
placed in the path of a beam of light, will be equally bright, 




Fig, 19 



viewed from any angle. Even when the angle is such that 
the surface appears only as a narrow strip, the surface looks 
just as bright as though it were at right angles to the line of 
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vision with twice as much area visible. It has the same rela- 
tive brightness in all directions as though it were heated to 
incandescence. This is called diffuse reflection. 

It is more difficult to keep mat-finish surfaces clean than 
those with a glaze or pohsh, therefore such rough surface 
finishes are not widely used for reflectors. However surfaces 
such as plaster, kalsomine, and wallpaper have all of the 
characteristics of mat-surface reflection; in fact, when they 
are examined minutely they reveal an extremely rough contour. 
Most of the light received from the walls and ceiling of a room 
is by diffuse reflection. A white cloth, which gives diffuse 
reflection, is applicable as a picture screen in certam motion- 
picture theatres, where a large proportion of the seats are 
arranged so that the picture must be viewed at an angle A 
screen of this sort makes the picture brightness about the 
same regardless of the angle at which the picture is viewed 
on the screen. 

31 White or Milk-Glass Reflecting Surfaces.-White 

glass finds considerable appHcation in illumination, primarily 
to reflect or to diffuse light. The properties of white glass 
may be most readily understood, if it is regarded as ordinary 
glass in which fine white particles are held in suspension^ 
When a ray of Hght strikes a piece of white glass, 10 to 15 
per cent of the light is reflected at once from the polished 
surface of the glass without entering the glass at all, the remain- 
der travels through the glass until it strikes the white particles, 
whence it is dispersed in all directions, some of it being 
thrown back and reflected, as shown in Fig. 20. 

When it is desired that the reflecting qualities shall pre- 
dominate, a very dense-white glass is chosen; that is, one that 
transmits not more than 10 to 15 per cent of the light. Such a 
glass would probably absorb 15 per cent., and reflect 65 per 
cent If diffusion is the main objective, as m an ordinary 
enclosing globe, the glass should have a maximum transmis- 
sion without revealing the outlines of the light source. This 
requirement limits the transmitted light to about 50 or 60 per 
cent A totally enclosing white-glass ball may, however, 
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have an over-all output as high as 85 per cent., for while only 
55 per cent, of the light coming from the lamp may be trans- 
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mitted directly through the glass, sufficient light may come 
from the interior by cross reflection to bring the output up 
to 85 per cent. One form of white-glass enclosing globe, 
typical of those widely used for store and office lighting, is 
shown in Fig. 21. 

32. White glass is widely used as reflector material, because 
its smooth surface minimizes the collection of dust and permits 




Fig. 21 



easy cleaning; and the glass transmits a portion of the light, 
which renders the reflector luminous and thereby adds 
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materially to its appearance. White glass is used for enclos- 
ing globes, and for semi-indirect units for schoolrooms, offices, 
general commercial application, and for certain types of 
industrial luminaires. The contour of white-glass luminaires 
is a less important factor than in the case of mirrored-glass 
reflectors, and is determined largely by the appearance 
desired. In semi-indirect lighting, one of the main advantages 
of using white glass is that its density can be controlled so that 
the brightness of the light source will be comparable with its 
surroundings. Care should be taken in the selection of such 
units, particularly for offices, schoolrooms, and the like, to 
choose a sufficiently dense glass. 




Flfi. 22 



33. Porcelain-Enamel Reflecting Surfaces. — In the familiar 
enameled-metal reflector, the surface, so far as its optical 
characteristics are concerned, can best be considered as a 
plate of white glass in optical contact with a steel backing. 
Porcelain is a glossy substance, and should be very dense so 
that as httle light as possible will pass through, for all the 
light that penetrates to the steel backing is absorbed, and 
therefore wasted. Porcelain enamels vary considerably in 
efficiency; if, of two reflectors, one appears gray in comparison 
to the other, the gray one is sure to be considerably lower in 
efficiency 

Probably the first thing that is noticed in Fig. 22 is the 
beam of regularly reflected light. This is simply a mirror- 
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like effect from the glazed surface, and, as in the case of 
white glass or glossy paint, does not ordinarily amount to 
more than 5 to 15 per cent, of the incident light. By far the 
greater proportion is diffusely reflected as shown, and there- 
fore porcelain-enamel reflectors are subject practically to the 
same design limitations as were outlined in the discussion of 
rough or mat reflecting surfaces. 

Reflector designers have frequently been deceived by the 
shininess of porcelain enamel, into believing that light would 
be as readily controlled by it as by a mirror, and they have 
consequently often been disappointed in the results. Porce- 
lain-enamel steel reflectors of 
the angle type as illustrated in 
Fig. 23 find wide use in the 
lighting of poster boards, where 
the advantage of efficiency, 
ruggedness, and permanency of 
reflecting surface are impor- 
tant. 

34. Frosted-Glass Reflect- 
ing Surfaces. — Frosted - glass 
transmission characteristics 
may be compared to the reflec- 
tion characteristics of an un- 
polished metal surface. In 
Fig. 24 is shown the direction 
of a beam of light striking glass, one surface of which is 
smooth and the other surface sand-blasted or roughened with 
acid etching. Some of the Hght is, of course, reflected from 
the glass as is shown, but most of it goes through the glass 
and as the individual rays strike the rough surface they are 
partly dispersed. 

Etched glass may be used to give a spread transmission 
of light but it is not a good reflector. It is of little value 
except for special ornamental fixtures. Unless a frosted glass 
surface is of a very fine texture, it accumulates dirt rapidly 
and is difficult to clean. 
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Stippled or pebbled glass which has the diffusing character- 
istics of sand-blasted glass without the same difficulty of 
cleaning is used to some extent in illuminating engineering 




Fig. 24 



work. Glasses of this character are especially valuable where 
it is desired to transmit light without greatly changing its 
direction, such as in the outer globes of street lighting units 
or as cover plates for floodlight projectors. 

35. Prismatic Glass Refractors.— When a light ray enters 
a glass surface obliquely, it is bent, or refracted, toward the 




Fig. 25 



perpendicular. The reverse occurs when it leaves the glass. 
This refractor effect can be seen by the apparent bending of 
the handle of a spoon in a tumbler of water. As has been 
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stated, a ray of light passing through a flat plate of glass will 
leave in a line parallel to the one on which it entered. If the 
two sides of the glass are not parallel, as in the case of the 
prism, a more pronounced effect is secured, as shown in Fig. 25. 
Refracting prisms of this type find application wherever it is 




Fig 26 



desired to produce a very broad distribution of light, for 
example, in street lighting units, automobile headlight lenses, 
railway and traffic signals, and in Fresnel lenses. Fig. 26, which 
are used in lighthouse service. 

Since light rays emerging obliquely from a dense medium, 
such as glass, are bent down toward the outer surface of 
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the glass, there exists a critical angle at which the light will 
not leave at all but will be refracted along a line parallel with 
the glass. At angles greater than this critical angle, the rays 
are reflected internally, as though the surface were a mirror; 
for crown glass this angle is about 43 degrees. Total reflec- 
tion can be accomplished by means of a prism, through double 
reflection. As shown in Fig. 27, the beam enters the diagonal 
face of a right-angle prism, travels straight through the glass 
to the short face a, which it strikes at about 45 degrees, is 
directed by total reflection to the face b, and leaves the prism 
at c, substiantially parallel to the entering beam. This is the 
principle used in prismatic glass reflectors. Reflecting prisms 




Fig. 27 



having 90-degree angles, are customarily designed so that the 
light strikes at about 45 degrees. 

Several direct and semi-indirect types of lighting equipment 
for offices, schools, and public buildings, are of prismatic 
glass, an example of which is shown in Fig. 28. Factory rib 
glass, commonly used in industrial plants, spreads out the 
light as shown in Fig. 29. 

36. Optical Systems. — In Fig. 30 is shown the optical 
system of a motion-picture projector. The lamp a, having a 
concentrated filament of four coiled segments mounted in a 
plane, throws the greater part of the light at right angles to 
the plane of the filament. In motion-picture projection 
it is necessary to direct as much light as possible through the 



ILLUMINATION PRINCIPLES 37 



film, which in the standard size is only 35 millimeters (less 
than 1^ inches) in diameter. The spherical mirror b, inter- 
cepts the light that would otherwise be lost and directs it 
back toward the filament, nearly doubhng the Hght in the 
opposite direction. Opposite the mirror is placed a conden- 
sing lens c, that gathers together all the light that it intercepts, 
and by its refracting power squeezes the light down to a narrow 
beam, little larger than the film area, and this beam passes 
through the small aperture d. After this narrow, highly con- 
centrated beam passes through the film, it is picked up by 
another lens e, called the objective, which, in turn, causes the 
beam to diverge until it reaches the screen where the picture 
is seen greatly enlarged. 

ANALYZING THE ILLUMINATION PROBLEM 

IMPORTANCE OF CORRECT ILLUMINATION 

37. Light measurement and control conform to definite 
physical laws as has been explained. In practice, these 
principles must be applied with an understanding of their 
effect on vision which, after all, is the final test of any lighting 
installation. Heretofore electric fighting has been considered 
largely a matter of putting lamps here and there in a factory, 
store or office, with little regard to an analysis of the illumina- 
tion results. Under such systems of artificial lighting, the 
eyes cannot see as easily, as quickly, nor as accurately as they 
are capable of doing. Furthermore, much muscular and 
nervous energy is expended through eye strain and eye fatigue 
under dim lighting or glaring light sources, with the result 
that eye defects are exceedingly prevalent. 

In the United States, practically all stores, offices, and fac- 
tories, as well as most of the homes within reach of electric 
service, have electric lighting instaUed. But, surveys of aU 
classes of electric lighting customers show not only an extremely 
meager use of light, but also an astonishing percentage of 
cases where the lighting system used is a menace to eyesight. 
The electrical industry, however, reaUzes that wire, sockets, 
switches and electric current are only elements that go to 
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make the final product, namely, illumination, and that this 
product can be judged only in terms of how well it safeguards 
eyesight and facilitates vision. 

Illumination might be definited as light of proper color 
quality, sufficiently abundant, and so directed and diffused 
as to allow quick and accurate vision without eye discomfort 
or strain. The planning of a lighting system involves not 
only the amount or quantity of light, but also the quality 
of light. Furthermore, light is being used more and more in 
homes, theatres, and public buildings for purely decorative 
purposes, and the skilful lighting specialist is always alert to 
the possibilities in the use of light as a decorative medium. 

ILLUMINATION FACTORS TO BE CONSIDERED 

QUALITY OF LIGHT 

38. General Discussion. — Assume that a small office, 20 
feet square, is to be lighted. A single 1,000-watt lamp hung 
in the center of the room might be considered for such Hght- 
ing. Notwithstanding the fact that the 1,000-watt lamp 
produces sufficient light to illuminate this area, still the light- 
ing result would be intolerable. In this example, most of the 
elements that enter into consideration of quality of illumina- 
tion are encountered. First, the intensely bright filament 
would be so glaring as to repel even a glance; second, the 
image of this bright filament reflected from polished furniture, 
glass-top desks or shiny objects, would be equally disturbing; 
third, a person sitting at a desk facing the wall would cast a 
dark shadow on the papers or other objects on the desk; 
fourth, the lighting would be very uneven, that is, immediately 
under the lamp the illumination would be high, but around 
the walls where desks are most likely to be placed, the light 
would be relatively weak. Each of the points that concern 
quality of illumination will be discussed briefly. 

39. Glare. — The eye cannot render clear vision when a 
bright light source is within the field of view for the pupil of 
the eye contracts to protect itself, and this action reduces 
the amount of seeing light entering the eye. To illustrate 
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this point, suppose a workman has 15 foot-candles of light 
upon his work, but the lighting is so glaring that his pupils 
are contracted to a diameter of i inch as indicated in Fig. 31 (a) . 
A second workman also has 15 foot-candles upon his work, but 
the lighting units are of proper design and are hung well out 
of his direct line of vision, so that the absence of glare allows 
his pupils to expand to ^ inch as indicated in Fig. 3 1 (6) . The 
brightness of the image within the eye being proportional to 
the square of the diameter of the pupil, the second workman is 
really enjoying the advantage of twice as much seeing light, 
even though the amount of illumination at the work is the 
same in both cases. His visual 



doorway is open a hundred per 
cent, more than that of the first 
workman whose eyes are exposed 
to glare. 




The facts illustrated by Fig. 31, 
indictate that all lamps should be (a) 



shielded and where possible mounted 
at a considerable height, so as to 
be above the normal Hne of vision. 
Where glass enclosing globes are 
used, they should be of large 




diameter and of good diffusing .. 
properties so that the brightness C' 
will be reduced to comfortable 

limits. A lighting unit that is not bright enough to cause an 
immediate sensation of glare, may easily cause fatigue if 
viewed for long periods of time. For example, a glass enclos- 
ing globe might appear comfortable enough to the eyes for a 
short time, and so be satisfactory for stores where people 
are continually moving about. In an office, however, where 
a person has to sit all day facing a row of such units, the 
cumulative effect might cause fatigue. This has led to the 
recommendation of some form of indirect light as best adapted 
for office Hghting. It might be added, that the ehmination 
of glare will result in fewer errors being made by the indi- 
vidual at a desk or a machine. 
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40. Reflected Glare. — Nature has provided the eyes with 
some protection from brilhant light sources overhead, such as 
the sun, by means of the forehead and eyebrows. Reflections 
of bright light sources from polished surfaces, such as desk 
tops, shiny metal and the like, are often more objectionable 
than direct glare, because there is little natural protection 
for the eye from below. This condition is often encountered 
in reading with a desk lamp; for, though the lamp itself is 
shaded, the brilliant image of the light source is reflected 
back from the printed page, particularly if the paper has a 
glossy finish. 

The remedy lies either in so locating the light sources with 
respect to the surfaces, that the Hght will be thrown away 
from, rather than toward the eyes, or in diffusing the light 
to such an extent that the brightness is not objectionable. 
The importance of this factor has led to the development of 
the white diffusing enamel coating applied to the so-called 
white-bowl lamps for use in open types of reflectors. Such a 
factor has led also to the more general use of enclosing glass- 
ware that completely surrounds the lamp. 

41. Shadows. — The question of shadows is important and 
must be considered if the best lighting results are to be 
secured. For leisure hours in the home or lounge room, 
shadows are restful, not unlike the long, sweeping shadows 
of sunset. The control of shadows in portrait photography is 
important ; in the same way, when properly placed and modi- 
fied, shadows may lend character to statuary or monuments in 
floodlighting, or in decorative interiors. On the other hand, 
the quality of general lighting in a room may frequently be 
judged by the shadows that are present. Where work is 
being done, soft, well-illuminated shadows are not unsatis- 
factory, and often are helpful in distinguishing form and detail ; 
when shadows are sharp and black, they make objects appear 
harsh and unpleasant, and because such shadows may easily 
hide moving parts of machinery, they are often a positive 
danger. Dark shadows also help to produce a visual field 
having great contrasts in brightness. 
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Exposed lamp filaments cause harsh shadows, whereas 
light from a diffusing reflector of large area tends to shine 
around an object and consequently soften the shadows. 
Ordinarily, luminaries should be so spaced that two or more 
contribute to the hghting of any point. Shadows from the 
work or fixed objects can be reduced with general lighting, 
by placing the units high and reasonably close together. 
A maximum degree of shadow results in direct-lighting systems 
using unfrosted lamps in open reflectors of small area; a 
minimum of shadow is obtained in totally indirect systems. 
Enclosing and semi -enclosing units produce shadows that are 
not so soft as those produced by indirect systems. Almost 
any degree of shadow can be obtained in semi-indirect systems, 
by choosing glass of the proper density. 

42. Uniformity of Illumination. — In planning general 
illumination for almost every class of interior, an effort is 
made to provide substantially uniform lighting over the 
entire area. In a factory or office, obviously, all of the workers 
are entitled to equal advantages as far as lighting is concerned. 
A further advantage of uniform lighting is that every point is 
suitable for productive space, there are no dark corners, and 
the eye is not subject to harsh contrasts that lead to fatigue. 

The old practice of lighting factories and offices with 
individual lamps on each machine or desk, while it may seem 
to effect a saving in the use of light, is a doubtful economy. 
A system of local lighting may provide an abundance of light 
directly on the work, but the general appearance of the 
interior may be dark and gloomy. Aside from this effect, 
however, the effect on the eyes is distinctly harmful, due to the 
excessive contrast of the small brightly lighted area with the 
rest of the room. For example, in the case of a workman 
using a local lamp, his eye accommodates itself to the bright 
illumination on the work and when he looks up automatically 
adjusts itself to the lower level of the general lighting; when 
he glances back to the work, another change in eye adjustment 
has to be made, with the result that the continual see-sawing 
back and forth throughout the day causes fatigue and probably 
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permanent eye defects. Furthermore, as a person grows 
older this process of accommodation does not take place so 
readily and the result is loss of time and energy, which may 
be avoided by a lighting system that provides satisfactory 
degree or level, of illumination through the entire room. 
Where' individual or local lamps are needed they should 
always be used as a supplement to a general lighting system, 
in which case the contrast of intensity is very much reduced. 

43. Uniformity of illumination depends somewhat on the 
type of reflector and how it distributes the light, but for the 
modern types of equipment generally used, the greatest 
factor influencing uniformity, is the spacing of the units 
with respect to their mounting height. This relation is 
illustrated in Fig. 32 (a) and (5) . In both views the lamps are 
assumed to be placed 7 feet above the work plane and 10 feet 
above the floor, but in view (a), the lights are 20 feet apart, 
while in view (b), they are only 10 feet apart. The result is 
that in view (a) there is a dark space in the center between 
the lights where the illumination is only 3 foot-candles, as 
compared to 12.5 foot-candles under the lights. In view (6), 
there are no dark spaces, the illumination between the lamps 
being only 2 foot-candles less than directly under them. 

Another point to be considered in regard to the distribution 
of light is how well the vertical surfaces are lighted. For the 
majority of applications, light is required principally on hori- 
zontal surfaces, as in offices, drafting rooms, and m most 
factories It has become the custom to calculate illumination 
results on the basis of the foot-candles on the horizontal 
plane with the assumption that oblique and vertical surfaces 
will be sufficiently lighted. Certain processes, however, 
require light principally on vertical surfaces; and m these cases 
.it is necessary to choose reflecting equipment that distributes 
the light at wide angles. 

44. Color Quality of Light.— As daylight values of illumi- 
nation represent the standards that are to be sought m the 
artificial Hghting of industrial plants, so also does the color of 
natural hght constitute the standard that should be approached 
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in artificial illumination. Through centuries of use, the 
human eye has adapted itself to function best m natural light. 
Natural light varies considerably in color quality throughout 
the day. It might seem that the ability to see objects m 
their true colors is important only when one is actually match- 
ing colors of materials, as in matching two pieces of silk or 
when it is desired to see colors in their original conception, 
as those of an oil painting. But the fact that colors help very 
much, fundamentally, in the process of seeing must always be 
borne in mind. For example, to a person looking at a brass 
bushing on a steel machine part, the two metals, brass and 
steel might have exactly the same reflection factor and they 
might be indistinguishable under light that does not clearly 
show their true colors. Since in many applications it is this 
difference in color that renders objects instantaneously 
recognizable to the eye and that defines the line of demarcation 
between them, color discrimination is important purely from a 
utilitarian viewpoint. 

45 For some operations work can be expedited or wares 
more strikingly displayed if the artificial light supplied is a 
closer approach to natural light than that furnished by the 
ordinary electric lamp. This approach may be made as close 
as desired by the use of Mazda Daylight lamps. One form 
having a blue-glass bulb, produces a light of afternoon sunlight 
quality (absorption of light by the glass being about 35 per 
cent ) Another, having an enclosing globe of special blue 
glass gives a close approximation to noon sunlight (absorption 
about 60 per cent) . For exact color-matching m the daytime, 
north-sky light is ordinarily chosen, because it is more con- 
stant, and expert colorists have become accustomed to light 
of this quality. Light of a north-sky quality is approximated 
in color-matching units having special blue-glass plates 
(absorption about 85 per cent.). 

The use of Mazda Daylight lamps is especiaUy to be 
considered for applications such as show windows, clothing, 
fur and rug stores, or wherever color is an element m the 
choice of merchandise. For industries in which the require- 
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ments are more strict, such as for lithographing, or for paper, 
chemical and textile factories, the noon-sky units are desirable 
when the areas to be lighted are not large. For very exact 
color discrimination, such as for color matching units on. store 
counters for hoisery, jewelry, etc., north-sky units are used. 

46. Effect of Interior Finish. — The effectiveness of a 
lighting system depends not only on the characteristics of 
the lighting unit itself, but also on the reflecting properties 
of the walls, ceiling, and surroundings. An installation of 
inefficient reflectors, for example, in a room with light walls 
and ceiling, may compare very favorably in efficiency with an 
installation of luminaires of good design in a room in which 
the walls and ceiling are of dark color. On the other hand, a 
large expanse of wall surface finished so light as to reflect a 
large volume of light into the eyes is objectionable for offices, 
residences, and all rooms where the occupants are likely to 
sit directly facing the walls. Available data indicate that 
where the brightness of the walls is equal to, or greater than, 
the brightness of white paper lying on a table or desk, annoy- 
ing glare will result. Where the usual types of lighting units 
are installed, the walls, being vertical surfaces, are not illumi- 
nated to the same high degree as desks or table tops. Walls 
that reflect less than 50 per cent, of the light that strikes 
them should not produce discomfort, if they are of a mat or 
unpolished finish. Walls finished in buff, light green, or gray 
tints reflect about the proper proportion of light, and their 
use is generally recommended. The color of walls and ceil- 
ings plays an important part in the efficiency of a lighting 
system. Semi-indirect and totally indirect systems require 
white or very light ceilings and upper side-walls down as low 
as the tops of the windows. 

AMOUNT OF LIGHT REQUIRED 

47. Wide Limits of Illumination. — The eye is capable of adap- 
ting itself to see under an extremely wide spread of illumination 

conditions ranging from Jqqqq of a foot-candle to 10,000 foot- 
candles or more. Under very low amounts of illumination, from 
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— "inn *° TTinn foot-candle, which is about the amount 
1 0 J 000 1 f 000 

available on a dark night, the light is sufficient only to indicate 
the presence of large objects such as a tree or building. Full 
moonlight may produce sV of a foot-candle and even this is 
insufficient light to enable the eye to distinguish color or 
detail. One foot-candle is about the lowest illumination under 
which a newspaper can be read for even a short period without 
an immediate desire for more light. Reading a newspaper 
with only one lighted candle held a foot away from the 
paper furnishes an idea of how much Hght a foot -candle is. 
Outdoors on a cloudy day the illumination is as high as 500 
foot-candles, and on a clear summer day with the sun shining 
the illumination is of the order of 5,000 to 10,000 foot-candles. 

48. Between the Hmits of Yq^qq foot-candle and 10,000 
foot-candles through which the eye is called upon to function, 
it is a matter of common experience that the more light the 
better objects can be seen and the better fine details of color 
and texture can be discriminated. In the store, factory, or 
home, when it is desired to examine fabrics or small objects, 
it is customary to move over to a window where the light is 
better. Generally, near a window, there is from 100 to 500 
foot-candles of light, and this amount enables the eyes to 
perform their function quickly and accurately. If the illumi- 
nation is safeguarded as regards quality— that is, is well 
diffused and has no extreme contrasts in brightness— it is 
difficult, indeed, to provide too much light. 

Mankind lived out of doors for countless centuries and 
the principal use of the eyes was for long-range vision under 
ample dayhght. Only within the past hundred years or so 
has man, with his highly complex industrial and commercial 
pursuits, moved indoors, subjecting his eyes to the most 
exacting requirements under illumination that is only a small 
fraction of the lighting intensities under which the eye evolved. 
While the eye has faithfully responded, it has been subjected 
to long hours of strain, due to inadequate illumination from 
the standpoint of both quantity and quality, until more than 
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half of the employes in factories and offices have acquired 
defective eyesight in some degree. 

49. Good Effects of Increased Illumination. — If artificial 
light required no expenditure of money, our Hghting standards 
would approach those of outdoor daylight, because everyone 
instinctively desires the best possible illumination. Con- 
siderations of economy, however, have restricted the amount 
of light used to the lowest limits. One, two and three foot- 
candles used to be regarded as ample Hght, and thousands 
of factories and offices today are lighted to about that amount. 
A great many laboratory tests have been conducted to deter- 
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mine the effect on vision as the foot-candles are increased. 
The results of one of a large number of investigations are 
shown in Fig. 33, which illustrates the kind of studies that 
have been made and indicates some of the facts on which 
modern standards of Hghting are based. The curve, Fig. 33, 
which may be called a Time and Light Perception curve, 
shows that as the illumination is increased, the time it takes 
to see is reduced. In the case of the normal eye, it takes 
three and one-half times as long to see an object under Hght 
of 1 foot-candle as it does when the illumination is increased 
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to 12 foot-candles; and in the case of the astigmatic eye, the 
increase in illumination benefits to a much greater extent than 



5 Foof Cancf/es \ 



ff roof 




/5% 



/3 Foof Canc/fej J 

20 Foot CcmJfes \ 
(f^evY Li'ghtinyJ I 



Adcfed Light/r?^ Cosf in Per Cent of PayroU 

/f/creasea' Protfucf/or? in Per Cent 
FiH. 34 



this. Tests in actual factory production bear out these facts, 
and in Fig. 34 is shown graphically the increased production in 
the inspection of roller bearings as the illumination was 
increased; this chart also shows the relative cost of the 
increased lighting in per cent, of the pay roll, which cost is a 
comparatively small item. 

TABLE III 

FOOT-CANDLES OF ILLUMINATION RECOMMENDED FOR VARIOUS CLASSES 
OF INSTALLATIONS 



Stores 

Offices 

Drafting Rooms 

Class Rooms 

Sewing Rooms 

Hospitals 

Operating Rooms . . . 

Operating Tables. . . 

Show Windows 

Theater Auditoriums. . 



Foot- Candles 



8- 1.5 
10- 15 
15- 25 

8- 12 
15- 25 

10- 15 
100-200 
30-150 
2- 3 



Industrial Assemblinfg 

Rough 

Medium 

Fine 

Extra Fine 

Inspecting 

Rough 

Medium 

Fine 

Extra Fine 



Foot-Candles 



5- 8 
8- 12 

12- 20 
50-100 

6- 10 
10- 15 
1.5- 25 
50-100 
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50. The facts established by experience and the demands 
of safety, have led to the adoption of certain minimum foot- 
candle values, which are accepted as standards of practice. 
The illumination requirements for some of the more common 
lighting installations are shown in Table III. 

ELEMENTS IN ILLUMINATION DESIGN 

51. Three Essential Factors. — Modern lighting systems 
are being planned with more thought and consideration of 
technical detail than was given in the past. Reduced to its 
simplest terms, the lighting problem is merely that of locat- 
ing the outlets properly, choosing suitable reflecting equip- 
ment, and computing the size of lamp required to furnish the 
foot-candles desired. 

52. Location of Outlets. — A common fault of many 
lighting installations is that the lighting units are spaced too 
far apart to give uniform illumination. The illustrations in 
Fig. 32 show that if the units are too far apart the illumination 
will be uneven ; the remedy is to install additional units or to 
raise the units sufficiently high so that the light fills in between 
them. A general rule to follow, is that the spacing between 
units should not exceed one and one-half times their height 
above the working plane; that is, above the desk, machine, 
work bench, or counter, as the case may be. 

53. The higher the lighting units are mounted, the greater 
is the permissible spacing between units, and the more eco- 
nomical the installation, since there will be fewer units to buy. 
to install, and to maintain. But, the height of the ceiling 
limits the height at which the units may be mounted, and so 
automatically regulates the maximum spacing that can be 
used. 

Table IV gives the spacing between outlets, and between 
outlets and side walls for rooms of various ceiling heights. 
The maximum spacings shown in the third column should not 
be exceeded or the illumination will not be uniform; closer 
spacings, on the other hand, wiU tend to better the uniformity 
and at the same time soften the shadows. In many cases 
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rooms are divided by columns or ceiling beams into bays, and 
it is usually desirable, because of appearance, to locate the 
outlets symmetrically with respect to these structural sections. 
For example, if the permissible spacing of units in a room were 
found to be 15 feet, and if this room were divided into 20 foot 
bays with one unit per bay, 20-foot spacing would not be 

TABLE IV 
SPACING OF OUTLETS 



Ceiling 
Height 
(Or Height in 
the Clear) 
Feet 


Spacing Between Outlets 


Usual 
Feet 


Maximum 
(For Units ^ 
at Ceiling) 
Feet 






Not more 
than* 


8 


7 


7.5 


9 


8 


o 
O 


10 


9 


9 


11 

XX 


10 


10.5 


12 


10-12 


12 


13 


10-12 


13 


14 


10-13 


15 


15 


10-13 


17 


16 


10-13 


19 


18 


10-20 


21 


20 


18-24 


24 


22 


20-25 


27 


24 


20-30 


30 


26 


2.5-30 


33 


30 and up 


25-30 


40 



Spacing Between Outside 
Outlets and Wall 



Aisles or 
torage Nex' 
to Wall 



Usually 
one- 
half 
actual 
spacing 
between 
units 



Desks, Work- 
benches, etc.. 
Against Wall 
Feet 



Not more 
than* 

3 
3 

3.5 
3.5 
3.5- 4 



3,5- 4.5 
4- 5 
4- 5 
4- 6 
4- 6 



Approximate 
Area per 
Outlet 
(At Usual 
Spacings) 
Square Feet 



50- 60 
60- 70 
70- 85 
85-100 
100-150 



5- 7 

5- 7 

6- 8 
8- 9 
8-10 



100-150 
100-170 
100-170 
100-170 
100-400 



300-500 
400-600 
400-900 
600-900 
600-900 



*Where it is definitely know that some form of indirect lightmg will be used, the maxi- 
mum spacing between outlets may be increased about two feet, and the distance from the 
outside outlets to the wall may be increased by one foot. 

satisfactory, and some symmetrical arrangement such as 4 
units per bay, with 10-foot spacing, would be employed, in 
which case the units might be mounted lower; that is, at a 
height corresponding to the actual spacing used, 

S4. Table V gives the lowest mounting height that should 
be considered for a given spacing between units. Units may 
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be mounted higher than this minimum without affecting 
lighting results. Also recommendations are included for the 
suspension distance of indirect reflectors for various spacings. 
This suspension distance is governed largely by appearance 
and by the desirability of distributing the light fairly evenly 
over the entire ceiling. In the great majority of cases a high 

TABLE V 

MOUNTING HEIGHT OF LIGHTING UNITS 



Direct Lighting Units 


Semi-Indirect 
and Indirect 
Lighting 


Actual 
Spacing 
Between 

Units 

Feet 


Distance 
of Units 
from 
Floor 
Not Less 
Than 

Feet 


Desirable Mounting 

Height in 
Industrial Interiors 


Desirable Mounting 

Height in 
Commercial Interiors 


Actual 

Between 
Units 

Feet 


Recom- 
mended 
Suspen- 
sion 
Distance 
(Top of 
Bowl to 
Ceiling J 
Feet 


7 

8 

9 


8 

8.5 
9 


12 feet above floor if 
possible — to avoid 
glare, and still be 
within reach from 
stepladder for 
cleaning. 


The actual hanging 
height should be 
governed largely 
by general appear- 
ance, but particu- 
larly in offices and 
drafting rooms, the 
minimum values 
shown in Column 
2 should not be 
violated 


7 

8 
9 


1-3 
1-3 
1-3 


10 
11 
12 


10 

10.5 

11 


10 
11 
12 


1.5-3 

2-3 
2-3 


14 
16 
18 


12.5 

14 

15 


Where units are to 
be mounted much 
more than 12 feet 
it is usually desir- 
able to mount the 
units at ceiling or 
on roof trusses. 


14 
16 
18 


2.5-4 
3-4 
3-4 


20 
22 
24 


16 
18 
20 


20 
22 
24 


4-5 
4-5 
4-6 


26 
28 
30 


21 
22 
24 


26 
28 
30 


4- 6 

5- 7 
5-7 



level, or degree, of general illumination, uniformly distributed, 
will be found satisfactory. In certain industries, however, 
such as paper and textile mills, printing plants, and the like, 
where high machines may obstruct the light, or where machines 
are arranged in groups or in long rows with definite work 
aisles, the units should be located with some regard to the 
machines themselves so as to avoid shadows. 
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55. Adequate Wiring. — The most economical installation 
is one that is adequately wired for possible future needs. 
Lighting standards that are accepted today are not only 
higher than those of a few years ago, but even higher standards 
will undoubtedly become general practice in the future. 
When once outlets are properly installed as regards both 
spacing and size of wire, a change in type of reflector or in the 
size of lamp may be easily made, but where the spacing of 
outlets is too great or the wiring is inadequate to carry heavier 
loads, satisfactory results can never be obtained without 
expensive alteration. The wire size should be calculated so 
that the voltage drop in branch circuits does not exceed 2 volts 
from the panel box to the outlet. 

56. Choice of Reflecting Equipment.— There are many 
types of reflecting and diffusing equipments on the market, 
each designed to serve general or specific purposes. The 
selection of a suitable type of hghting unit depends not only 
on its efficiency, the proper distribution of light, and the 
requirements in regard to glare, shadows, etc., but, in the 
case of indirect units, upon the construction of the room and 
the color of the wahs and ceiling. Decorative appearance is 
frequently an important item, and in other instances special 
color-correcting equipment can be employed to advantage. 
For the great majority of cases, however, standard equipment 
will serve satisfactorily. Requirements for various applica- 
tions are discussed later on. 

57. Computing the Wattage of Lamps Needed.^In 

planning any lighting installation, the first thing to decide 
is the amount of light or the foot-candles of illumination that 
should be provided. In the case of an office, for example, 
it will be advisable to install about 15 foot-candles, or in the 
case of fine industrial assembly work, 20 foot-candles perhaps. 
The outlets having been properly located and the type of 
reflector chosen, the final step is to determine the size of lamp 
that must be used to provide the 15 or 20 foot-candles required. 
That is, will it be necessary to burn 100-watt, 200-watt, or 
1,000-watt lamps to obtain the number of foot-candles wanted .? 
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58. If the installation were completed, it would be possible 
to experiment by trying various sizes of lamps and measur- 
ing the resultant illumination in each case with a foot-candle 
meter. However, it is essential to know the proper size of 
lamp before the installation is made, because the electrical 
contractor should know the wattage per outlet,^ so that he 
may plan his circuits and compute the size of wire required. 
Furthermore, before reflectors can be purchased the lamp size 
must be known, since reflecting equipment is designed for a 
particular size of lamp. 

The total number of lumens that must be applied to the 
area to be lighted is equal to the foot-candles desired multi- 
plied by the area. The lamps must, however, emit a greater 
number of lumens than this, for not all of the light gets down 
on to the work; some of it is absorbed in the reflector or 
diffusing accessories, part of it strikes the walls and ceiling, 
and, of this part is absorbed and only a portion is reflected to 
the work plane. The amount lost depends on the character- 
istics of the lighting unit, the finish of the walls and ceiHng, 
and the proportions of the room. 

59. Coefficient of Utilization and Room-Index Factor.— Of 

the lumens generated by the lamps, that proportion which 
reaches the plane of work is called the coefficient of utilization. 
Certain types of reflectors direct Hght more efficiently than do 
others, because of their contour or the quality of the materials 
of which they are made. Also, where the walls and ceilmg 
are light-colored, a greater proportion of the light striking 
them will be reflected back into the room. With open-type 
steel reflectors the influence of the color of ceiling and walls 
is at a minimum; but the effect of this factor becomes more 
important when semi-indirect or totally indirect equipment is 
used. 

In general, large rooms use light more efficiently than 
do small rooms, because there is less wall area to absorb 
light in proportion to the floor space. The lighting of high, 
narrow rooms, on the other hand, requires more wattage, 
because there is such a large proportion of wall area, com- 
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TABLE VI 



ROOM INDEX FOR NARROW AND AVERAGE ROOMS 













Feet 








For Indirect Lighting! 
Use Ceiling Height / 


9 and 
9.5 


10 to 
11.5 


12 to 
13.5 


14 to 
16.5 


1 17 to 
1 20 


21 to 

1 24 


25 to 
i 30 






Feet 


For Direct Lighting! 
Use Mounting Height/ 


7 and 
7.5 


1 8 and 
[ 8.5 


; 9 and 
9.5 


19 to 
11.5 


12 to 
13.6 


1 14 to 
16.5 


1 17 to 

1 20 


Room Width 
(Feet) 


Room Length 
(Feet) 


Room Inde.x 


9 

(8.6-9.3) 


8-10 
10-14 
14-20 
20-30 
30-42 
42-up 


1.0 
1.0 
1.2 
1.2 
1.5 
2.0 


1 0.8 
0.8 
1.0 
1.2 
1.2 
1.5 


0.6 
0.8 
0.8 
1.0 
1.0 
1 2 


0.6 
0.6 
0.6 
0.8 
0.8 
1 0 


0.6 
0.6 
0.6 


0.6 
0.6 

0.6 


0.6 
0.6 


10 

(9.5-10.5) 


10-14 

20-30 
30-42 
42-60 
60-up 


1.2 
1.2 
1.5 
1.5 
2.0 
2.0 


1.0 
1.0 
1 2 
1.2 
1.5 
1.5 


0.8 
0.8 
1.0 
1.2 
1.2 
1 5 


0.6 
0.6 
0.8 
1.0 
1.0 
1 0 


0.6 
0.6 
0.6 
0.8 
0.8 
1.0 


0.6 
0.6 
0.6 
0.6 
0,8 


0.6 
0.6 
0.6 


12 

(11-12.5) 


10-14 
14—20 
20-30 
30-42 
42-60 
60-up 


1.2 
1.5 
1.5 
2.0 
2.0 


1.0 
1.2 
1.2 
1.5 
1.5 
2 0 


0.8 
1.0 
1.2 
1.2 
1.5 


0.8 
0.8 
1.0 
1.0 
1.2 


0.6 
0.6 
0.8 
0.8 
1.0 
1.0 


0.6 
0.6 
0.6 
0.6 
0.8 
0.8 


0.6 
0.6 
0.6 
0.6 


14 

(1.3-15.5) 


14-20 
20—30 
30-42 
42-60 
60-PO 
90-up 


1.5 
2.0 
2.0 
2.0 
2.5 


1.2 
1.5 
1.5 
2.0 
2.0 
2 0 


1.0 
1.2 
1.5 
1.5 
2.0 


1.0 
1.0 
1.2 
1.5 
1.6 

i.O 


0.8 
0.8 
1.0 
1.0 
1.2 
1.5 


0.6 
0.6 
0.8 
0.8 
1.0 
1.2 


0.6 
0.6 
0.6 
0.6 
0.6 
0.8 


17 

(16-18.5) 


14-20 
20-30 
30-42 
42-60 
60-110 
UO-up 


2.0 
2.0 
2.5 
2.5 
2.5 
.3.0 


1.5 
1.6 
2.0 
2.0 
2.0 
2 5 


1.2 
1.5 
1.5 
2.0 
2.0 
2.0 


1.0 
1.2 
1.2 
1.5 
1.5 
2.0 


0.8 
1.0 
1.0 
1.2 
1.2 
1.5 


0.6 
0.8 
1.0 
1.2 
1.2 
1.2 


0.6 
0.6 
0.6 
0.8 
0.8 
1.0 


20 
(19-21.5) 


20- 30 
30- 42 
42- 60 
60- 90 
90-140 
140-up 


2 5 
2.5 
2.5 
3.0 
3.0 

3 0 


2.0 
2.0 
2.6 
2.5 
2.5 
2.5 


1.5 
2.0 
2.0 
2.0 
2.5 


1.2 
1.6 

2.0 
2.0 
2.0 
2.0 


1.0 
12 
1.5 
1.5 
1.6 
1.5 


0.8 
1.0 
1.2 
1.2 
1.5 
1.5 


0.6 
0.8 
0.8 
1.0 
I.O 
1.0 


24 

(22-26) 


20- 30 
30— 42 
42- 60 
60- 90 
90-140 
140-up 


2.5 

3.0 
3.0 
3.0 
3.0 
3.0 


2.0 
2.6 
2.5 
2.5 
3 0 
3'0 


2.0 
2.0 
2.6 
2.5 
2.5 
2.5 


1.5 
1.5 
2.0 
2.0 
2.0 
2.0 


1.2 
1.2 
1.5 
1.5 
2.0 
2.0 


1.0 
1.2 
1.2 
1.6 
1.6 
1.6 


0.8 
0.8 
1.0 
1.0 
1.2 
1.2 


30 

(27-33) 


30— 42 
42- 60 
60- 90 
90-140 
140-180 
180-up 


3.0 
3.0 
4.0 
4.0 
4.0 
4.0 


2.5 
3.0 
3.0 
3.0 
3.0 
3.0 


2.5 
2.6 
3.0 
3.0 
3.0 
3.0 


2.0 
2.5 
2.5 
2.5 
2.5 
2.6 


1.6 
1.5 
2.0 
2.0 
2.0 
2.0 


1.2 
1.5 
1.5 
2.0 
2.0 
2.0 


1.0 
1.0 
1.2 
1.5 
1.5 
1.5 


36 
(34-39) 


30- 42 
42- 60 
60- 90 
90-140 
140-200 
200-up 


4.0 
4.0 
5.0 
5.0 
5.0 
6.0 


3.0 
3.0 
3.0 
4.0 
4.0 
4.0 


2.5 
3.0 
3.0 
3.0 
3.0 
3 0 


2.0 
2.5 
3.0 
3.0 
3.0 
3.0 


1.5 
2.0 
2.0 
2.6 
2.6 
2.5 


1.5 
1.5 
2.0 
2.0 
2.0 
2.0 


1.0 
1.2 
1.5 
1.5 
1.5 
1.5 


40 or more 


42- 60 
60- 90 
90-140 
140-200 

200-up 


6.0 
5.0 
5.0 
5.0 
5.0 


4.0 
4.0 
4.0 
5.0 
5.0 


3.0 
4.0 
4.0 
4.0 
4.0 


See remainder of 
Table VI. 
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TABLE VI— (Continued) 
ROOM INDEX FOR LARGE HIGH ROOMS 



Feet 



For Indirect Lighting! 
TIafi Ceilina Heiaht 1 


14 to 1 
16.5 


17 to 

20 1 


21 to 1 
24 1 


26 to 
30 


31 to 1 
36 1 


37 to 1 
50 1 












Feet 








F(ir Direct Lighting! 
Use Mounting Height/ 


10 to 
11.6 1 


12 to 
13.5 


14 to 1 
16.5 1 


17 to 1 

20 1 


21 to 
24 


25 to 1 
30 1 


31 to 
36 


37 to 
50 


Room 
Width 
(Feet) 


Room 
Length 
(Feet) 


Room Lide.K 


14 

(13-15.5) 


14-20 
20-30 
30-42 
42-60 
60-90 
90-up 


1.0 
1.0 
1.2 
1.5 
1.6 
1.5 


0.8 
0.8 
1.0 
1.0 
1.2 
1.5 


0.6 
0.6 
0.8 
0.8 
1.0 
1.2 


0.6 
0.6 
0.6 
0.6 

0 6 

o'.s. 


0.6 
0.6 
0.6 
0.6 


0.6 
0 6 
0^6 






17 

(16-18.5) 


14 20 
20 30 
30-42 
42-60 
60-110 
110-up 


1.0 
1.2 
1.2 
1.5 
1.5 
2.0 


0.8 
1.0 
1.0 
1.2 
1.2 
1.5 


0.6 
0.8 
1.0 
1.2 
1.2 
1.2 


0.6 
0.6 
0.6 
0.8 
0 8 
LO 


0.6 
0.6 
0 6 
0^8 


0.6 
0.6 
0.6 

o!6 


0.6 
0.6 

0.6 




20 
(19-21.5) 


20- 30 
30- 42 
42- 60 
60- 90 
90-140 
140-up 


1.2 
1.5 
2.0 
2.0 
2.0 
2.0 


1.0 
1.2 
1.5 
1.6 
1.5 
1.5 


0.8 
1.0 
1.2 
1.2 
1.5 
1.5 


0.6 
0.8 
0.8 
1.0 
1.0 
1.0 


0.6 
0.6 
0.6 
0.6 

0 8 

i!o 


0.6 
0.6 
0.6 
0 8 

o'.s 


0.6 
0.6 
0.6 
0.6 


0.6 
0.6 


24 
(22-26) 


20- 30 
30- 42 
42- 60 
60- 90 
90 140 
140-up 


1.5 
1.6 
2.0 
2.0 
2.0 
2.0 


1.2 
1.2 
1.5 
1..5 
2.0 
2.0 


1.0 
1.2 
1.2 
1.6 
1.6 
1.5 


o.s 

0.8 
1.0 
1 0 
l'2 
1.2 


0.6 
0.6 
0.8 
0 8 
LO 
1.0 


0.6 
0.6 
0.6 
0 6 
0^8 
0.8 


0.6 
0.6 
0.6 
0.8 


0.6 
0.6 
0.8 


30 

(27-33) 


30- 42 
42- 60 
60- 90 
90- 140 
140-180 


2.0 
2.5 
2.6 
2.6 
2.5 
2.6 


1.5 
1.6 

2.0 
2.0 
2.0 
2.0 


1.2 
1.6 
1.5 
2.0 
2.0 
2.0 


1.0 
1.0 
1 2 
L5 
1.5 
1.5 


O.S 
1.0 
1.0 
1^2 
1.2 
1.2 


0.6 
0.8 
0 8 
1.0 
1.0 
1.0 


0.6 
0.6 
0.6 
O.S 
0.8 
0.8 


0.6 
0.6 
0.6 
0.6 


36 

(34—39) 


30- 42 
42- 60 
60- 90 
90—140 
140-200 
200-up 


2.0 
2.5 
3.0 
3.0 
3.0 
3^0 


1.5 
2.0 
2.0 

2.5 
2.5 
2.5 


L5 
2.0 
2.0 
2.0 
2.0 


1.0 
L2 
1.6 
1.5 
1.5 
1.5 


0 8 
1.0 
1.0 
1.2 
1.5 
1.5 


0.8 
0.8 
1.0 
1.0 
1.2 
1.2 


0.6 
0.6 
0.6 
0.8 
1.0 
1.0 


0.6 
0.6 
0.6 
0.8 
0.8 


42 

(40-46) 


42- 60 
gQ_ 90 
90-140 
140-200 
200-up 


3.0 
3.0 
3.0 
3.0 
3.0 


2.0 
2.5 
2.6 
2.5 
2.5 


1.5 
2.0 
2.5 
2.5 
2.6 


1.2 
1.5 
2.0 
2.0 
2.0 


1.0 
1.2 
1.5 
1.5 
1.5 


0.8 
1.0 
1.2 
1.2 
1.5 


0.8 
0.8 
1.0 
1.0 
1.2 


0.6 
0.6 
0.6 
0.8 
0.8 


50 
(46-55) 


42- 60 
60- 90 
90-140 
140-200 
200-up 


3.0 
3.0 
3.0 
3.0 
3.0 


2.5 
3.0 
3.0 
3.0 
3.0 


2.0 
2.5 
2.6 
2.5 
2.5 


1.5 
1.6 
2.0 
2.0 
2.0 


1.2 
1.5 
1.6 
2.0 
2.0 


1.0 
1.2 

1.6 
1.5 
1.5 


0.8 
1.0 

1.2 
1.2 
1.2 


0.6 
0.6 
0.8 
0.8 
1.0 


60 
(66-67) 


60- 90 
90-140 
140-200 
200-up 


4.0 
4.0 
4.0 
4.0 


3.0 
3.0 
3.0 
3.0 


2.5 
3.0 
3.0 
3.0 


2.0 
2.5 
2.5 
2.5 


1.6 
2.0 
2.0 
2.0 


1.2 
1.5 
1.5 
2.0 


1.0 
1.2 
1.5 
1.6 


0.8 
1.0 
1.0 
1.0 


75 
(B8-90) 


60- 90 
90-140 
140-200 
200->ip 


6.0 
5.0 
5.0 
6.0 


4.0 
4.0 
4.0 
4.0 


3.0 
3.0 
4.0 
4.0 


2.5 
2.5 
3.0 
3.0 


2.0 
2.0 
2.5 
2.5 


1.5 
1.5 
2.0 
2.0 


1.2 
1.6 
1.5 
1.6 


0.8 
1.0 
1.2 
1.2 


90 or more 


60-90 
90-140 
140-200 
200-up 


5.0 
5.0 
6.0 
5.0 


4.0 
6.0 
5.0 
6.0 


3.0 
4.0 
4.0 
4.0 


2.5 
3.0 
3.0 
3.0 


2.0 
2.5 
2.5 
3.0 


1.5 
2.0 
2.0 
2.6 


1.2 
1.5 
1.5 
2.0 


1.0 
1.2 
1.2 
1.5 



p 
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pared to the floor space. In order to take all of these varia- 
bles into account in the design of a lighting system, the light- 
ing specialist makes use of Tables VI and VII. 

60. In Table VI, called the Room Index table, are given 
the room indexes for rooms having various widths, lengths, and 
mounting heights of the lighting units above the floor. In 
the case of semi-indirect or totally indirect systems, the ceil- 
ing height is used instead of the mounting height, because the 
ceiling becomes, in effect, the light source. In the table are 
listed ten different index numbers, varying from 0.6 
to 5.0. 

In Table VII, are given the Coefficients of Utihzation for 
five types of reflectors when they are used with ceilings and 
walls of different degrees of lightness of color. The percentages 
given for the different ceilings and walls, are the percentages 
of the total illumination reaching them, that they reflect. 
In the column headed Room Index, and opposite the diagram 
of each reflector, are grouped all the different room indexes 
given in Table VI. To find the actual value of the coefficient 
of utilization for each style of reflector when used in a given 
room first find, in Table VI, the index number for a room of 
the given dimensions. Then, in Table VII, find the diagram 
of the reflector that is to be used. In the first column of 
figures to the right of this, find the room index number just 
obtained from Table VI; and opposite this, in one of the 
columns whose headings correspond to the color of ceiling 
and walls of the room to be lighted, will be found the actual 
coefficient of utilization for the given conditions. 

61. As an illustration, suppose it is desired to find the 
coefficient of utihzation for a room 30 feet wide, 60 feet long, 
and having units for direct lighting mounted 10 feet above the 
floor the ceiling being very light and the walls fairly dark. 

First find the room index. In Table VI, the width 30 is 
found in the first column, the length 60 in the second; and on 
the same line, in the sixth column, headed 10 to 11.5 feet, is the 
room index 2.5. Then the coefficient of utilization can be 
found in Table VII. For example, if the reflector to be used 
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is the Glassteel Diffuser, then under the group heading, 
Ceiling, Very Light, and in the column for Walls Fairly Dark, 
the coefficient of utilization for the conditions described will 
be found opposite the room index 2.5 for the Glassteel Diffuser, 
and it is .50. In this particular case, then, only half of the 
light given out by the lamps actually gets down on the work- 
ing plane. If a totally indirect type of reflector, as the Open 
Indirect, were used under identical conditions, and hence for 
the same room index of 2.5, the coefficient of utihzation would 
be .31, and a larger lamp would be required in the latter case 
to produce the same number of foot-candles. 

62. The coefficient of utilization for any given problem 
having been determined, the actual foot-candles produced by 
the various sizes of lamps can be obtained directly by refer- 
ence to Table VIII. In the example just cited, if the units 
were spaced, say, 10 feet apart each way, that would be 100 
square feet per outlet, and under the .50 column of coefficient 
of utilization, and opposite 100 scjuare feet per outlet, it will 
be seen that the use of 100-watt lamps would provide only 
4.7 foot-candles, 150-watt lamps 8.1 foot-candles, 200-watt 
lamps 11.2 foot-candles, and 300-watt lamps 18.6 foot-candles. 
The lumen output of the various sizes of lamps is given in 
the third column. These values have all been computed by 
the formula , , „„, 



a 

in which F = foot-candles ; 

/ = lumen output of lamp; 
c = coefficient of utilization; 
.70 = depreciation ; 
a = area per outlet, in square feet. 

Thus it is seen that lighting calculations have been simplified 
so that all essential data are obtained by reference to a few 
simple tables. In practice, coefficients of utilization are com- 
puted for each individual reflector, but only a few of the more 
common types are here shown. 
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64 ILLUMINATION PRINCIPLES 



MODERN LIGHTING PRACTICE 

63. General Discussion. — The explanations that have 
been given with reference to the analyzing of lighting problems, 
and the data presented on illumination design, apply equally 

well to the lighting of 
factories, stores, offices, 
schools, and in fact to 
nearly all interior lighting 
problems. Observation 
of the lighting arrange- 
ment in any modern store, 
office, or factory will pre- 
sent much that is of 
interest to any one re- 
sponsible for the design or 
operation of lighting 
equipment. 

64. Factory Lighting. 

In practically all factories, 
a high degree of general 
illumination will meet the 
requirements satisfac- 
torily, and to supply this 
illumination standard 
types of reflectors are available. The RLM (Reflector and 
Lamp Manufacturers) Standard reflector, shown in Fig. 35 (a), 
and the Glassteel Diffuser shown in Fig. 35 (6), are widely 
used. The latter type, while slightly more expensive, offers 
the advantage of lower brightness, better diffusion, and con- 
sequently a softer, less harsh lighting effect. 

In high narrow interiors, such as high craneways, steel 
mill buildings and the like, greater efficiency is obtained by 
the use of reflectors designed to concentrate the light more 
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sharply downwards. This avoids wasting light on the dark 
upper side walls as would be the case with units that spread 
out the light at wide angles. There are several types of 
mirrored glass, prismatic glass, and polished-metal reflectors 
available, that are designed particularly for high narrow build- 
ings. Other units are also available to meet special require- 
ments. 

There are instances where the work can be lighted more 
advantageously from a certain direction. For such purposes, 
angle type reflectors or units giving a wide-spread distribution 
of light can be employed. Where a particularly high degree 
of illumination is recjuired, say 50 to 100 foot-candles, which 
is often necessary in rooms for sewing, extra fine machine 
work, assembling, or inspection, small local lighting units 
using 25 to 60 -watt lamps are required to supplement the 
general overhead lighting system. 

In certain industries, such as grain elevators, spice, flour, 
and feed mills, and in the manufacture of powdered sugar, 
cornstarch, sulphur, etc., the dust-laden atmospheres are 
highly explosive. In other indu.stries, gases and vapors 
arising from processes of oil refining, varnish making, and 
spray lacquer painting, constitute fire and explosion hazards. 
In these cases, special dust-tight and vapor-proof fittings for 
the lighting units are required. In some other industries 
requiring accurate color identification, as in color manufactur- 
ing, paint and dye mixing, textile and cigar sorting and grad- 
ing, lithographing, and color engraving and printing, atten- 
tion must be given to the use of units that provide suitable 
color quality of light. 

65. Store Lighting. —The lighting of stores presents no 
unusual problem beyond the general principles that have 
previously been explained. Progressive store managers know 
the value of good lighting as a means of attracting trade and 
advertising the store, consequently they give the matter 
considerable thought. The decorative appearance of the 
lighting unit is an element in store-lighting equipment, 
although a particular unit should not be selected for its 
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appearance alone. It should primarily be a good lighting- 
device, and there are many types of units available that are 
decorative and pleasing to the eye and also are efficient 
lighting devices. . . 

A common fault in many stores is that the spacing of units is 
too great. In general, two rows of units should be installed 
in most small stores, unless the store is less than 15 feet wide. 
The greatest need for light is on the counters and wall dis- 
plays; and where only one row of lights is installed down the 
center of the store, the floor is the brightest part, and the 
counters and wall displays are poorly lighted. Furthermore, 
with the light coming from the center of the store, a customer 
at the counter casts a shadow on the merchandise being 
examined. Two rows of units will put the light directly over 
the counters, avoiding shadows and lighting the merchandise 
displays predominantly. 

In certain classes of exclusive stores and shops, decorative 
treatment and special lighting effects are especially valuable 
in creating an atmosphere or stimulus in harmony with the 
character of the store. 

66 Show-Case Lighting.— Tests show that more merchan- 
dise is sold out of lighted show cases than from unlighted 
ones. Lighted cases compel notice, and because people stop 
to look at the lighted displays, more sales are made. In 
general, display cases should be lighted with from 2 to 4 times 
the foot-candle illumination of the general store lighting. 
The standard practice is to use from 25 to 50 watts per run- 
ning foot of show case. Small mirrored-glass reflectors usmg 
standard inside-frosted lamps, or small metal reflectors 
designed to accommodate long tubular lamps are standard 
for show and display cases. They can be mounted very 
inconspicuously along the front edge of the case. One form 
of 25-watt tubular lamp, designed for this service, is about 
6 inches long and f inch in diameter, and is especially suited 
to the lighting of display cases because of the small space 
required. The heat of the lamps must be considered when 
the merchandise is candy, wax ornaments, etc. 



ILLUMINATION PRINCIPLES 67 



67. Show-Window Lighting. — The effectiveness of a 
window is dependent on the illumination, both from the 
standpoint of permitting the display to be examined, and 
from the manner in which a brightly lighted window will 
assert itself to the passer-by. Tests have been made to 
determine the effect of varying degrees of window illumination 
on the attracting power of display windows. When the 
illumination was increased from 15 to 40 foot-candles, .3.3 per 
cent, more people stopped to look at the displays. When the 
illumination was raised to 100 foot-candles, a further increase 
of 30 per cent, was noted in the number of persons attracted 
to the window. 

Sufficient outlets should be provided to furnish the flexi- 
bility and control of illumination and lighting effects that 
are desirable for any particular display. The use of colored 
lighting in windows, as an attention-getting medium, adds an 
unlimited field for variation in decorative effects. 

The illumination requirements or the amount of light 
required for display windows vary considerably with the 
character of store and its location. A store in a small town 
or in a suburban section, where the surroundings are not 
bright, will not require the brilliant window illumination 
necessary for a large downtown store in a white-way district 
where the windows vie with one another for attention from 
the shoppers. The usual desirable window illumination 
ranges from 30 to 150 foot-candles. 

68. Window-Lighting Equipment. — Display windows can 
be lighted most effectively and economically by the use of 
reflectors designed specifically for this service. The common 
types of window-lighting reflectors have reflecting surfaces 
of prismatic glass, mirrored glass, or metal, which efficiently 
direct the light upon the display. These are available in 
several shapes to provide correct illumination for either deep 
or shallow windows. Care should be taken to choose that 
particular type of reflector that will most effectively distribute 
the hght according to the window proportions. Specially 
designed prismatic glass plates set flush with the ceiling, with 
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lamps and reflectors behind the plates offer a very satisfactory 
method of lighting window display. 

69. Window-Lighting Installations.— The test of a good 
window Hghting installation is efficient distribution of light 
upon the display without loss upon the street, and without 
glare from exposed lamps. The usual practice is to locate 
outlets at regular intervals along the window front, and along 

the sides when the window is 
deep. In island windows, con- 
centrating reflectors should be 
placed around the entire window. 
An island window is one that 
stands out by itself, as in the 
entrance vestibule of a large 
store, and people can walk com- 
pletely around such a window. 

The method of instalhng 
window-lighting equipment de- 
pends entirely on the construc- 
tion of the window. Unless the 
ceiling is especially high, the 
reflectors are generally mounted 
on the ceiling close to the win- 
dow as in Fig. 36 {b). Fre- 
quently, it is desirable to con- 
ceal the equipment in a box or 
trough built in the upper front 
corner of the window. Where 
the window has a false ceiling, 
it may be preferable to install the reflectors above the ceiling 
with the openings flush with the ceiling, as in Fig. 36 (a), 
metal molding being used for finishing. In both views (a) 
and (b) the conduit fitting is shown at a, the reflector at b, 
the plate glass of the window at c, and the drapery at d. 
In view (a), a false ceiling is shown at e, and in view (5) a 
true ceiHng at /. Where the distance above the window glass 
to the ceiling is fairly large, it will usually be found best to 
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support the reflectors by brackets on the transom bar close 
above the window glass, either by individual brackets for each 
unit, or by supporting the conduit from which the units are 
suspended. 

The spacing and size of lamps used will depend on the 
illumination requirements. In the better illuminated windows 
a 12-inch spacing is common. A spacing of over 3 feet will 
not, in general, give satisfactory illumination. In practice, 
then, the spacing usually falls within the range of 12 to 24 
inches. Outlets should be available for the use of spotlight 
or floodlight projectors when desired. When once an ade- 
quate number of outlets has been installed, the illumination 
can be varied at will by manipulating the size of lamp used, 
or by arranging the lamps on two or more circuits so that 
alternate lamps may be turned on or off. Lamps employed in 
show-window lighting range from 100 to 200 watts in size. 

70. Overcoming Daylight Reflection. — Studies have been 
made in the use of light for overcoming daylight reflections 
from plate glass windows. It is a matter of common experi- 
ence, that reflections from objects such as buildings on the 
opposite side of the street, passing street cars and automobiles, 
and of people passing on the sidewalk, often make it almost 
impossible to see into show windows. To overcome such 
reflections, a number of installations are in use employing 
high illumination intensities of the order of 200 to 500 foot- 
candles of artificial lighting. Such systems are turned on 
during the daytime, with the result that reflections are greatly 
reduced or entirely overcome. The severity of these reflec- 
tions depends not only on the brightness of the objects in the 
street, but also to a considerable extent on the color of the 
window background. If the background is light-colored and 
if a high degree of illumination is provided, the brightness of 
the display is increased to such an extent as to overcome the 
brightness of images reflected from the surface of the plate 
glass. Installations for this purpose are exactly similar 
to any modern window-lighting installation, but require the 
equivalent of 500-watt lamps spaced 12 to 15 inches apart. 
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71. Offices and Drafting Rooms.— In offices and drafting 
rooms, the visual requirements are probably more severe than 
those encountered in any other general employment classi- 
fication. Such work requires long hours of constant applica- 
tion of the eyes in reading, transcribing, copying, and in the 
case of drafting work, close visual discrimination of fine 
detail. To meet these requirements, an illumination of the 
order of 15 to 25 foot-candles is recommended. Brightness 
of light sources should be kept low, because, in general offices 
or drafting rooms particularly, employes' work positions 
are fixed, and the lighting units are of necessity within range 
of vision throughout the entire working period. This has 
led to the general acceptance of semi-indirect or indirect 
lighting for office work. Because of the detailed visual 
requirements and the need for more lighting, early practices 
comprehended the use of a system of individual desk lights, 
and many such systems are still in use. There are many dis- 
advantages, however, inherent in such a system of local light- 
ing. For example, particular care must be taken to shield the 
lamps adequately and to place them so that the light will 
not cause dark shadows, which are a distinct handicap in 
drafting work. Also, glare resulting from the reflection of 
light from polished desk tops or shiny paper is difficult to 
avoid . The adoption of a good system of general illumination , 
on the other hand, overcomes these objections and has the 
attendant advantage that it allows flexibility in the arrange- 
ment of office equipment, since with a uniform system of 
illumination, the lighting in any position is adequate. 

72. School Lighting.— The problems of lighting in schools 
do not differ from those found in other interiors. All light 
sources should be properly shaded to minimize glare, because 
glare produces eye strain, either directly or by decreasing the 
visibility, thereby making it necessary for the eyes to be 
brought nearer to the work than they should be. Lighting 
units should be placed so that there is an adequate and satis- 
factory distribution of light upon the work and so there are no 
objectionable shadows and sharp contrasts in brightness. 
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Illummation of the order of 8 foot-candles is the minimum 
and from 12 to 15 foot-candles the desirable standard of 
illumination for classrooms, libraries, laboratories, manual- 
training rooms, and the like. Drafting rooms and sewing 
rooms on the other hand require a minimum of 15 foot-candles 
and preferably 25 foot-candles. 

73. Home Lighting. — While our homes today have an 
abundance of light compared to the early times when candles 
or kerosene lamps were used, yet it is stated by those who 
have made a special study of home-lighting requirements, 
that from the standpoint of safeguarding of eyesight, conveni- 
ence of use, and decorative possibilities inherent in the use 
of light, the average home is very much underlighted. The 
inadequacy of home lighting has been occasioned largely by 
the substituting of incandescent electric lamps for the earlier 
light sources and using them in quite the same manner as 
the old gas and oil lights were used. As the requirements 
for shading and diffusing the light from the sources of years 
ago were less severe than are the requirements for the modern 
brilliant incandescent lamps, glaring light sources are 
encountered in many homes. However, technical and com- 
mercial influences are being brought to bear on the elimina- 
tion of glaring lights, by the promotion of fixtures of proper 
design with properly shaded lights, so that the lighting may 
be comfortable and pleasing to the eye. The need for popular 
understanding of lighting, and the demand for complete 
electric service have caused various commercial organiza- 
tions to engage in the conducting of nation-wide home- 
lighting contests in order to establish in the public's mind 
minimum standards of house wiring that will permit desirable 
standards of lighting. 

74. Most rooms of the home require a central ceiling 
luminaire of the indirect, candle, or shower type to supply 
general illumination throughout the room. Supplementing 
this general illumination there should be provided for read- 
ing, portable floor and table lamps; and well-shaded wall 
brackets, torchieres, and candlesticks may be used for purely 
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decorative purposes to add spots of color here and there to 
the room. The use of decorative lighting, together with vari- 
ous lighted ornaments, are purely matters of taste, and their 
use is limited only by the artistic sense of the householder. 

The use of electricity and the flexibility of electric light- 
ing in the home are governed largely by the adequacy of the 
wiring and the number of outlets provided in each room for the 
connecting of lighting devices. 

75. Street Lighting. — Because of the large number of 
automobiles on our streets, the subject of proper street light- 
ing is of great importance. Street lighting has always con- 
tributed greatly to the safety, comfort, and convenience of 
the public, but it has not kept pace with the increasing use of 
our streets and highways. Surveys show that a large pro- 
portion of the night traffic accidents are due to poor lighting, 
and that wherever good street lighting has been installed, 
night traffic accidents have been greatly reduced. There 
has been a rapid growth of cities and suburban districts and 
it has been the custom to make street-lighting extensions in a 
haphazard fashion. 

The first essential in the development of a good street- 
lighting system is a thorough and comprehensive plan. Such 
a plan involves careful zoning of all the streets in the city 
or town, into various classifications based on their fighting 
requirements, and the adoption of a standarized lighting 
system for each classification. The adoption of a complete 
plan does not mean that the entire city need be relighted at 
one time, although in cases where money is available for such 
improvements this is desirable. However, a complete plan 
does insure that extensions and revisions made over a period 
of years will form a part of a unified design, otherwise a 
haphazard variety of equipment and methods of installation 
inevitably results. The street lighting system is in effect 
the show window of a city, and contributes perhaps more 
than any other thing to the good appearance and civic 
betterment of a community. To promote development 
along unified plans, there have been made available various 
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groups of equipment designated as family types, consisting 
of globes and posts of similar design, but of different heights 
and different lamp sizes, to meet the requirements of the 
several classes of streets. 

76. In planning a street-lighting system, the streets are 
generally divided into the following classifications: principal 
business districts; secondary business districts; principal 
thoroughfares; boulevards and parks; secondary thorough- 
fares; residential streets; and outlying streets and alleys. 
A summary of modern practice in street lighting is given in 
Table IX. This table gives the recommendations for light- 
ing of the various classes of streets in cities of various sizes. 
A study of the table will show the essentials in the design of 
a system; that is, the mounting height and spacing of the 
lighting units ; the lumen output of the lamps, which depends 
on the spacing; and the arrangement of the lamps on the 
street. 

Since the cost of a street lighting system is made up to 
such a considerable extent by the investment in equipment, 
that is, the lines, posts and regulating apparatus, it is generally 
accepted as uneconomical to use lamps smaller than 2,500- 
lumen rating. 

77. Floodlighting. — Floodlight projectors, like automobile 
headlights, are designed to concentrate the light from a lamp 
into a narrow beam so that the light may be projected to 
considerable distances. Wide use is made of floodlighting 
purely as a decoration for monuments and public buildings. 
In addition, floodlights are widely used in the lighting of rail- 
way yards, public parks, playgrounds, bathing beaches, and 
stadiums, where the lighting units must be located at con- 
siderable distance from the area to be lighted. A highly 
specialized application of floodlighting is presented in the 
lighting of airports. 

The problems of designing a floodlighting installation 
is one that depends almost entirely on specific conditions 
of the installation. Thus the type of equipment chosen for 
any application is dependent on where the equipment can 
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be located. In the floodlighting of buildings, for example, 
it is frequently necessary to locate projectors on the building 
on the opposite side of the street, whereas in other cases, 
particularly those buildings of set-back construction, equip- 
ment can be located on the ledges of the building itself. The 
calculation of the lamp wattage necessary to illuminate a 
given area by the use of floodHghts, is arrived at in the same 
manner as the calculation of any general lighting system. 
Such a problem involves the number of foot-candles to be 
provided and the area in square feet to be lighted, the effi- 
ciency of the equipment used being taken into account in the 
calculation. 

78. Special Lighting Installations.—It is impossible to 
discuss even briefly the hundreds of specific applications of 
lighting, each of which involves certain considerations peculiar 
to the application. Among such specific applications might 
be mentioned, motion picture projection, electric signs, 
photographic lighting, railway car and signal lighting, and 
many other installations, which involve fundamentally the 
same general principles already discussed. Though each of 
these fields involves many technicaHties, a general knowledge 
of the principles of illumination and of light control and utiliza- 
tion will allow any lighting problem to be approached and 
analyzed in an intelligent manner. 



